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Some native warm-season forage grasses [indiangrass (IG, Sorghastrum nutans),
big bluestem (BB, Andropogon gerardii) and little bluestem (LB, Schizachyrium
scoparium)] are gaining popularity for improving summer forage production and wildlife
habitat in the southeastern USA. Paucity of information about appropriate harvest
management limits their restoration success. An experiment was conducted to assess
effects of harvest intervals (30-, 40-, 60-, 90 or 120-d) and harvest duration on forage
yield and quality, plant growth, sward structure and botanical composition of their mixed
stands at Bryan Farms, Clay County, MS. Total season forage was greatest for 30-d and
more from first (8472 kg ha-1) than second year plots (7627 kg ha-1). Yield was reduced
by up to 43% in the second harvest year. Forage quality (crude protein content and in
vitro digestibility) decreased with lengthening of harvest interval and across the harvest
season. Tiller weight increased while specific leaf area and relative growth rate
decreased with lengthening of harvest interval in first and second year plots. Harvesting
reduced sward heights the following May, but treatment did not affect sward heights.
Season mean sward heights were shorter for short harvest intervals. Light interception
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was greatest in the control and decreased with shortening of harvest intervals.
Continuous harvesting controlled Solidago canadensis, increased herbaceous forbs, and
LB, but decreased IG without substantial effect on BB. Rotational harvesting at 30- or
40-d intervals may improve forage production without compromising breeding cover
during recovery. Studies on other management practices including fertilizer application
and timing of harvest are needed.
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CHAPTER I
INTRODUCTION
Native grasses of the southeastern U.S.
Prairies are terrestrial plant communities that are predominantly grasses (family
Poaceae) (Kephart et al., 1995) containing few trees and shrubs. Mixtures of other nongrass herbaceous species, called forbs, can be found in prairie communities. Species
belonging to poaceae were a widespread vegetation type accounting for 42% of the plant
cover on earth‟s surface (Anderson, 2006) and 17% of the North American continent
(Knopf, 1988). It is believed that most of central North America and parts of the
Southeast were once covered by tall-grass prairies and woodland savannas (Samson et al.,
2004; Jones et al., 2007). These ecosystems extended as far north as Canada, south to
coastal areas of Texas and east into Mississippi and Alabama (Anderson, 2006).
Native warm-season grasses (NWSG) formed the lowland tall-grass prairies of the
southeastern U.S. dominated by perennials such as big bluestem (BB, Andropogon
gerardii Vitman), switchgrass (SG, Panicum virgatum L.), little bluestem, (LB,
Schizachyrium scoparium (Michx) Nash), eastern gamagrass (EG, Tripsacum dactyloides
(L), and indiangrass (IG, Sorghastrum nutans (L.) Nash) interspersed with forbs and
shrubs (Anderson, 2006; Jones et al., 2007). Other major grasses included are Canada
wildrye (Elymus canadensis L.) and prairie cordgrass (Spartina pectinata Bosc ex Link).
In Mississippi, there were also sideoats grama (Bouteloua curtipendula (Michx) Torr.),
Florida paspalum (Paspalum floridanum Michx), panicgrasses (Dicanthelium sp),
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rivercane (Arundinaria gigantea (Walter) Muhl.), and purpletop (Tridens flavus (L.)
Hitchc) (Weaver and Fitzpatrick, 1932; Jones et al., 2007). Forbs comprised about onethird of the plants in prairies (Jones et al., 2007), most of which are classified as
wildflowers.
Growth of NWSGs occurred primarily during the summer months, late spring to
early fall (Vona et al., 1984) becoming dormant after seeding in fall (Knopf, 1988). At
maturity, they are usually about 1.2 to 1.5 m tall, with some species including BB and EG
often exceeding 2 m. Most NWSGs are ecologically adapted to drought conditions and
low soil fertility (Weaver et al., 1935; Knapp, 1985) owing to their deep and extensive
rooting habit (Huang, 2000). During the dormant season, NWSGs retain most of their
senesced leaves and stems (Jones et al., 2007) protecting the dormant growing points
until spring.
Maintenance of the ecosystem
In North America, natural grasslands were maintained at early succession by
periodic natural disturbances. Extensive grazing by buffalo (Bison bison), flood, frequent
fires set by the native people or lightning strikes all contributed to maintenance of prairie
(Hobbs and Huenneke, 1992; Vinton and Hartnett1992; Jones et al., 2007). Grazing
herbivores imposed selective defoliation by consuming specific plant parts and or at
different growth stages (Swift, 1948; Black and Kenney, 1984; O'Reagain, 1993;
Coppedge et al., 1998). In so doing, herbivores removed apical meristems of lead tillers,
which stimulated growth of axillary buds and vegetative tillers (Langer, 1990; Briske et
al., 1994). Through selective defoliation, herbivores restricted competitive abilities of the
most palatable species and favored less competitive ones (Garden and Bolger, 2001;
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Bakker and Olff, 2003). Similar patterns of defoliation are often observed with moderate
stocking rates of cattle (Bos primigenius) (Olff and Ritchie, 1998). Herbivores also
caused soil disturbance with their hooves and uprooted weakly rooted plants creating
voids. These, added to defoliation effects, helped maintain structural heterogeneity and
species diversity in the natural grasslands.
Wildlife uses of tall-grass prairies
In North America, natural grasslands provided wildlife with basic habitat
requirements, of food, shelter, and space (Yagerman, 1990; Guthery, 1997; Mysterud and
Østbye, 1999). Most NWSGs are known for large biomass productivity (Green and
Detling, 2000; Berdahl et al., 2005) and forage quality. Some reports indicate crude
protein values ranging from 6 to 12% with dry matter digestibility of 70% or greater
(Griffin and Jung, 1983; Vona et al., 1984). In the Black Belt prairies of Mississippi and
Alabama, white-tailed deer (Odocoileus virginianus) and buffalo were the largest
herbivores sharing habitat with over 17 species of small mamamals: cottontail rabbit
(Sylvilagus sp.), swamprabbit (S. aquaticus), field mice (Apodemus sylvaticus), voles
(Microtus sp) and cotton rats (Sigmodon hispidus) (Hunter, 2002; Dobrovolny, 2003;
Hickman et al., 2006; Jones et al., 2007). The NWSGs which shaped the tall-grass
prairies provided better quality forage to livestock and wild ungulates during summer
months.
Tall-grass prairies also provided food and cover to grassland birds [northern
bobwhite (Colinus virginianus), dickcissel (Spiza americana), and eastern meadowlark
(Sturnella magna)] (Shea, 1999; Fletcher and Koford, 2002). In these grasslands,
ground-nesting birds find cover in the structural diversity of mixed NWSG stands
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(Wilson et al., 2005). The vegetation structure also provided birds access to invertebrates
and fallen seed (Vickery et al., 2001; Barnett et al., 2004), and cover against predators
(Morris and Thompson, 1998; Morris et al., 2001; Wilson et al., 2005). Young birds
could move about in the void spaces between bunches of native grasses and fallen leaves
make good nest-building materials for birds and small mammals (Jones et al., 2007).
Loss of natural grasslands
During the first part of the 19th century, European settlers converted large tracts of
North American grasslands into plowed croplands (Samson et al., 2004). By the early
20th century, about 90% of America‟s tall-grass prairies were under row cropping
(Auclair, 1976; Heard et al., 2000). Enclosed grazing of livestock (1875-present) caused
overgrazing of the native grasses, necessitating the introduction of exortic forage grasses,
tall fescue (Festuca arundinacea Schreb.), bluegrasses (Poa pratensis L.), and ryegrass
(Lolium multiflorum (Lam) Husnot) for their resistantace to heavy grazing intensity (Ball
et al., 1991). This also made bermudagrass (Cynodon dactylon (L.) Pers.), earlier
introduced in 1751 (Undersander and Pinkerton, 1988), an important forage grass of the
South. Later, other exotic warm-season species such as browntop (Panicum ramosum
L.), dallisgrass (Paspalum dilatatum Poir), and Bahiagrass (Paspalum notatum Fluegge.)
were introduced, but still performed poorly under drought conditions due to their shallow
rooting habit. Presently, annual forage production in Mississippi is still declining mainly
due to inability of the exotic warm-season grasses to withstand hot summer temperatures
in droughty years.
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Loss of wildlife habitat
Introduced forage species in pastures form thick stands of short stature and lack
void spaces. They are often planted in monoculture. These swards result in spatial and
structural uniformity (Shea, 1999; Atkinson et al., 2004) making poor wildlife habitat for
nesting and food (Barnes et al., 1995; Tallowin et al., 2005; Tallowin et al., 2007). Loss
of wildlife habitat in agricultural ecosystems has also been caused by associated
management practices (haying and herbicide application) (Benton et al., 2003).
Current situation
There has been a growing interest in the southeastern U.S. to increase summer
forage production for livestock and to enhance habitat for ground-nesting grassland birds
in agricultural landscapes (Kephart et al., 1995; Guthery et al., 2001; Wilson et al., 2005).
Interest in wildlife-friendly management practices to diversify farm incomes (hunting
permits and game watching) has also grown among landowners, increasing awareness of
NWSGs as multi-purpose forage species such as IG, LB, BB, SG and EG. Some
landowners have been gradually replacing exotic forage grasses with NWSGs to improve
breeding habitat for grassland birds on their properties (Shea, 1999). These landowners
have taken advantage of several government programs (Heard et al., 2000). These
include the Conservation Reserve Program (CRP), created under the Food Security Act
of 1985 (Glaser, 1986), of which the conservation practice No 33 (CP 33) provides
buffers around cropped areas. Food, Agriculture and Trade Act of 1990 added
Environmental Conservation Acreage Reserve Program (ECARP) and Wetland Reserve
Program (WRP) (U.S. Congress, 1990). There is also the Wildlife Habitat Incentive
Program (WHIP) under the Federal Agricultural Improvement and Reform Act of 1996
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(Grassley and Jochum, 1996). However, management of NWSGs in mixed stands to
improve both forage production and wildlife habitat is not well understood.
Justification and objectives
Early season haying is a common management practice for quality forage
production, which often interferes with breeding activities for ground-nesting birds
(Smith et al., 1999; Murphy and Moore, 2003). There is paucity of information on how
NWSGs in mixed stands respond to haying at species and plant community level.
Information on how harvesting may affect plant regrowth and wildlife habitat
characteristics is also limited. Published reports focused on pure stands (Archer, 1984;
Mullahey et al., 1990; Anderson and Frank, 2003; Woodis and Jackson, 2008; Zhao et al.,
2008) may be unreliable in developing appropriate management strategies for mixed
stands. Understanding how key plant species respond to harvest frequency in mixed
stands would be useful to managers attempting dual use of the land (hay and wildlife). It
was hypothesized that; i) cumulative forage yield would not be affected by cutting
frequencies, ii) cumulative forage yield would decrease with harvest duration, iii) forage
quality would be better at shorter harvest intervals, iv) growth rates of IG and LB would
be greater at shorter harvest intervals, and v) botanical composition would be affected by
cutting intervals or harvest duration. This study, aimed at collecting data on how
harvesting of mixed NWSG stands of BB, IG, and LB may influence forage production,
sward structure and species composition in agricultural landscapes of Mississippi.
Specific objectives were to assess effects of cutting frequencies on: i) forage yield and
quality, ii) growth and tiller characteristics of IG and LB in mixed NWSG stand,and iii)
sward structure and botanical composition.
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CHAPTER II
EFFECTS OF CUTTING FREQUENCY ON FORAGE YIELD AND QUALITY OF
MIXED NATIVE WARM-SEASON GRASS STANDS IN MISSISSIPPI
Abstract
Perennial native warm-season grasses are gaining popularity for summer forage
production and wildlife habitat in the southeastern US. Favoured species in Mississippi
include; big bluestem (BB, Andropogon gerardii), indiangrass (IG, Sorghastrum nutans),
and little bluestem (LB, Schizachyrium scoparium). Paucity of information about their
proper defoliation management limits performance in the Southeast. A harvesting trial
was conducted at Bryan Farms, Clay County, MS to evaluate effects of harvest intervals
(30-, 40-, 60-, 90 or 120-d) and harvest duration on forage production, nutritive value,
and stand recovery. Cumulative forage yield was greatest for the 30-d and greater from
the first (8472 kg ha-1) compared to the second year plots (7627 kg ha-1). With uneven
rainfall distribution and extended June-Aug. dry period in 2009, corresponding yields
declined to 4148 kg ha-1 for first year and 2861 kg ha-1 for second year plots with no
treatment effect. Within treatment, recovery yield (mid-May harvest) was about 67% less
for second year compared to first year plots. As the harvest interval lengthened and the
season advanced, forage quality declined. Crude protein content of the second harvest
declined from 7% (greatest) for the 30-d treatment to 4% for the 120. Corresponding
second year dry matter and NDF digestibility declined from 63 and 72% to 45 and 55%,
respectively, as NDF increased from 62 to 71% and ADF from 34 to 40%. Cumulative
12

yields of IG and LB plants were 50 and 52% and greater in first than second year plots,
respectively, with no treatment effect. Corresponding recovery yields were greater in
first than second year by up to 84 and 95% for IG and LB, respectively. Species nutritive
value based on leaf: stem ratio and specific leaf area was greatest for the 30-d treatment
and decreased with lengthening of harvest interval. Two and one early season harvests at
30- and 40-d intervals, respectively, from similar mixed native grass stands may provide
quality hay yields without compromising stand recovery. More studies are needed about
the effect of other management practices including timing of first harvest, spring burning
and fertilizer application on forage yield and quality.
Introduction
Native warm-season grasses
In Mississippi and other southeastern states of the US, willingness to restore
native warm-season forage grasses (NWSG) in managed grazinglands has increased
(Shea, 1999). Under different programs, government agencies are encouraging and
supporting farmers to incorporate native forage grasses into their pastures to improve
summer forage production. Such programs include the Conservation Reserve Program
(CRP), created under the Food Security Act of 1985 (Glaser, 1986), of which the
conservation practice No 33 (CP 33) provides buffers around cropped areas. Favored
NWSG species include indiangrass (IG, Sorghastrum nutans (L.). Nash), big bluestem
(BB, Andropogon gerardii Vitman), little bluestem (LB, Schizachyrium scoparium
(Michx). Nash), switchgrass (SG, Panicum virgatum (L.) and eastern gamagrass (EG,
Tripsacum dactyloides (L.). These native grasses produce more forage for longer time
periods during the summer than most introduced warm-season species such as
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bermudagrass (Cynodon dactylon (L.) Pers), bahiagrass (Paspalum notatum Flueggé) and
dallisgrass (Paspalum dilatatum Poir.) (Shea, 1999; Kiss et al., 2007; Mulkey et al.,
2008). A three year mean annual yield of 2637 kg ha-1 from unfertilized mixed stands of
BB, IG, and SG (Mulkey et al., 2008) was recorded from mid-May through midSeptember. Annual production of 8000 kg ha-1 has also been reported from a SG
dominated pasture, of which 15% was in May, 55% in July and August and 30% in
October (Jung et al., 1985).
Compared to their exortic counterparts, forage NWSGs have superior
morphological and physiological adaptations associated with their root systems and
photosynthetic pathways enabling them to resist or avoid drought conditions in the hot
summer months, when cool-season grasses are unproductive (Knapp, 1985; Kiss et al.,
2007;). Such ecological advantages; resistance to drought, better nutrient acquisition
associated with well developed root systems (Huang, 1997) and tolerance to moderate
herbivory (Caswell et al., 1973), make grasses of North America good candidates for
improving summer forage production in southeastern US. (Sanderson et al., 1999b; Shea,
1999). However, NWSGs are intolerant to continuous intensive herbivory or mowing too
close to the ground. This is because, unlike most exotic warm-season forage grasses,
NWSGs have their growing points high above the ground, making them comparatively
more susceptible to physical damages (Dahl, 1995).
Forage yield of native grasses
Grazing and haying are common defoliation practices in managed grasslands
which if managed appropriately, may improve total forage yield. Timely defoliation
removes mature leaves as forage thus avoiding loss of nutrients due to translocation of
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assimilates to storage tissues. Defoliation also improves yield by increasing light
penetration to the base of plants where it stimulates vegetative growth (Garay et al.,
1999). By removing hormonal influence of reproductive tillers, defoliation induces
increased production of vegetative tillers, which increases leaf biomass (Manske and Ske,
1998). Appropriate defoliation management allows efficient utilization of increased postdefoliation shoot growth, an adaptation to grazing (Noy-Meir, 1993) that enables plants
to repair or even compensate for their damaged leaves and meristems. In such cases,
increased defoliation frequencies are more likely to increase total season biomass yield.
However, the degree to which plants can compensate for tissue damage or losses may be
influenced by local factors such as precipitation, defoliation intensity and duration
(Mullahey et al., 1990; Turner et al., 1993; Loeser et al., 2004; Woodis and Jackson,
2008). There are species differences in morphological adaptations to defoliation which
increase plants‟ tolerance to defoliation and differences in growth response (Anderson
and Briske, 1995; Smith, 1998; Cullen et al., 2006). Appropriate harvest strategies
should, therefore, be based on expected response by the dominant species as well as
prevailing weather conditions.
Harvesting grasses before leaf senescence optimizes forage yield and quality
(Manske and Ske, 1998). However, defoliation affects plant growth negatively and
imposes substantial variability in the response of different plant components (Ferraro and
Oesterheld, 2002). Under severe defoliation, plants may suffer irreversible damages, thus
reducing yields during the next growing season. Some researchers have noted that
multiple defoliations can reduce herbage yields of warm-season grasses by over 60%
compared to unclipped treatment (Mullahey et al., 1990; Forwood and Magai, 1992).
Recovery depends on how quickly plants repair or replace photosynthetic tissues. This is
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also influenced by the proportions of photosynthetic tissue retained by the defoliated
plants (Harris, 1990; Oesterheld and McNaughton, 1991; Lee et al., 2000; Ferraro and
Oesterheld, 2002). Rapid regrowth also depends on timing of the first defoliation
(Slepetys, 2008) and time allowed between successive defoliations for plants to restore
their photosynthetic capacities (Ferraro and Oesterheld, 2002).
Appropriate defoliation intervals should be long enough for plants to restore their
carbohydrate reserves, which influences stand persistence (Slepetys, 2008). However,
choice of such harvest intervals in mixed stands is often complicated by species
differences in growth and development rates.
Forage quality of native grasses
For most NWSGs, late summer growth is more lignified and less digestible; poor
forage quality. However, by shortening harvest interval, plants are cut at a less lignified
stage making better quality hay. This is possible with most NWSGs which grow well
under elevated temperatures with improved productivity of digestible biomass (Jung et
al., 1985; Mitchell et al., 2005). This makes most NWSGs valuable summer forage
resources for ruminants (Vogel et al., 1981; Griffin and Jung, 1983; Mitchell et al., 2005).
Following defoliation, grasses grow more shoot biomass rather than roots (Briske, 1986;
Oesterheld, 1992; Jatimliansky et al., 1997). This usually involves internal physiological
modifications by defoliated plants (Manske and Ske, 1998) to cause preferential
partitioning of reserve carbohydrates to above and belowground structures (Kephart et
al., 1995). This strategy allows defoliated plants to preferentially allocate more
carbohydrates to leaf regrowth (Briske, 1986; Harris, 1990; Hannaway et al., 2000) than
root system and reproductive structures (Meyer, 1998). Such increased leaf growth with
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reduced root growth has also been observed with subterranean clovers (Trifolium
subterraneum) (Culvenor et al., 1989) within five days after defoliation. Usually,
preferential allocation of carbohydrates to leaf growth enables defoliated plants to restore
their photosynthetic capacities (Meyer, 1998) after which allocation to reproductive and
storage structures can occur. At short harvest intervals, better quality hay is obtained.
However, at very short harvest intervals, plants many fail to replenish their carbohydrate
reserves, which may result in subsequent reduction of regrowth potential.
Well managed native grasses produce better quality forages with respect to
chemical composition and dry matter (DM) digestibility (Aldous, 1930; Vona et al.,
1984). Feed value of forage grasses is usually assessed based on ability to provide
energy to grazing animals. This is often influenced by the type and concentration of fiber
(acid detergent fiber, ADF and neutral detergent fiber, NDF) and lignin in the biomass
(Buxton and Redfearn, 1997) which affects intake and digestibility (Twidwell et al.,
1988; Linn and Martin, 1999) as plants mature. Lignin is an indigestible component of
herbage which is most concentrated in mature plants. With a single percentage of lignin
increase, digestible DM decreases by three to four percentage units (Linn and Martin,
1999). This ratio is true for both introduced and native grasses, all being greater in
digestible nutrients when actively growing (Anderson and Matches, 1983; Wilson and
Hatfield, 1997). Unfortunately, the active vegetative stage is short for most warm-season
grasses (Perry and Baltensperger, 1979; Vona et al., 1984; Buxton and Redfearn, 1997),
which are early maturing. Early maturity is primarily a drought escaping strategy
enabling seed production and carbohydrates conservation in the crown to ensure survival
of the mother plant (Malin, 1947). As grasses mature, they generate reproductive tillers
with more proportions of structural carbohydrates and phenolic compounds, mainly
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cellulose and lignin (Griffin and Jung, 1983; Wilson and Hatfield, 1997). Mature leaves
also become lignified and more fibrous as plants translocate more photosynthetic
products to reproductive and storage structures (mainly seed and crown). Therefore,
reduced nutritive value of mature forage plants result from reduced crude protein and
decreased digestibility associated with increased fiber concentration (Perry and
Baltensperger, 1979; Buxton and Redfearn, 1997), cell wall lignification (Barrière et al.,
2005), and increased proportions of senescing leaves associated with stem elongation.
Increased fiber concentration is also a result of decrease in leaf:stem ratio at maturity
(Beaty et al., 1968; Twidwell et al., 1988; Buxton and Redfearn, 1997). Consequently, at
the same phenological stage, new leaves on defoliated plants are more nutritious than
those on undefoliated plants (Manske and Ske, 1998). At short cutting intervals, grasses
will have delayed lignification and appearance of reproductive tillers, making more
nutritious hay (Difante et al., 2008). Therefore, strategies to maximize yield and quality
of hay should aim at cutting grasses before reproductive maturity.
However, with mixed stands, species differences of growth cycles and response to
defoliation complicates decisions about appropriate harvest intervals. In most cases,
managers have to monitor responses of several key species to specific defoliation events
before deciding on a compromise regime. This makes technical recommendations based
on pure stand trials inappropriate for defoliation management of mixed stands.
Therefore, decisions about defoliation regimes for mixed NWSG stands should be based
on studies of comparable mixed stands aimed at establishing the response of key species
to major aspects of defoliation (timing, frequency and intensity) in comparable
environments.
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Justification and objectives
Mississippi, like other states in the Southeast, suffers summer forage shortages
mostly due to inability of exotic forage species to withstand drought conditions. Such
NWSGs as IG, LB, and BB are well adapted to the growing conditions in the region and
have desirable wildlife habitat quality features for grassland fauna. Mowing is a common
grassland management practice, which if used inappropriately, may impact forage
production and wildlife habitat negatively
Understanding how mixed stands, dominated by these native grasses, respond to
cutting will help managers to improve both forage production and wildlife habitat in
agricultural landscapes. The objectives of this study were to determine effects of harvest
interval on season forage production in mixed pastures and harvest intervals on known
sward habitat quality features for grassland birds dominated by IG, LB and BB.
Materials and Methods
Study location and field layout
This study was conducted at Bryan Farms, Clay County, (N 33º 39; W 88º 34)
Mississippi, USA. Dominant soils in the study area are Griffith silty clay, classified as
Fine, smectitic, thermic Aquic Hapludert with pH ranging from 5.0 to 5.6 and Okolona
silty clay, classified as Fine, smectitic, thermic Oxyaquic Hapludert with pH ranging
from 6.0 to 7.8. The simulated grazing experiment was set in unfertilized conservation
field buffers planted with a mixture of NWSGs, still at early succession stages. For each
hectare of a prepared seedbed, a seed mixture of 1.12 kg BB, 2.24 kg LB, and 1.12 kg IG
(4.48 kg ha-1 rate) was sown in 2005, and allowed to grow undisturbed for two years.
Extended post-emergence herbicide (imazapic at 0.28 kg a.i ha-1) {(±)-2-[4,5-dihydro-419

methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-methyl-3-pyridinecarboxylic acid}
was applied to control competitive weeds. Five 7.5 × 1-m parallel strips were marked in
late spring of 2007 and assigned randomly to different cutting frequencies of five, four,
and three times at 30-, 40- and 60-d intervals, respectively, or twice only at 90- or 120-d
interval (Fig. 2.1). The 90-d interval mimics a standard practice of harvesting a hay crop
early in the growing season, and then allowing the native grass field to regenerate for
grazing or winter cover. In mid-May (late-spring) of 2007, three blocks (replicates) of
five 7.5 × 1-m strips (designated Y107) were marked within the field buffers of one field
and two more similar blocks in another field, about 5 km away on similar soils,
providing a total of five replicates (blocks). For each plot designation, eg Y107, the first
digit after the „Y‟ is the order of entry into the study (year) while the last two digists
indicate the year the plot was established. Within each block, the marked strips were
assigned to the five harvest treatments. During the successive two springs, 2008 and
2009, similar 7.5 × 1-m treatment plots were marked adjacent to each previous-year plot.
In 2008, Y107 plots were designated Y207, indicating they were in their second harvest
year, but established in 2007. New treatment plots established adjacent to the Y207 plots
were designated Y108; indicating they were in their first harvest year and established in
2008. In 2009, additional treatment plots (Y109) were established and Y108 became
Y208, while Y207 became Y307 (Fig. 2.1). In spring 2009, Y307 treatment plots were
harvested only once, in May, for a regrowth assessment, and removed from the
harvesting regime. In each plot, IG and LB plants were marked for repeated physical and
yield measurements to assess species response to treatments in the mixed stands.
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Forage yield of native grasses
During each year, all study plots received a common harvest in mid-May
(equalizing harvest), after which regrowth was harvested on assigned dates throughout
the summer (Fig. 2.2). When harvesting events coincided with major rainfall event,
harvesting date was delayed or hastened by up to six days to allow optimum machine
operation. Prior to harvesting the whole plot, previously identified and marked IG and
LB plants were hand-clipped to 10 cm stubble height for determination of species
response to defoliation. Whole plot forage (7.5 × 1 m) was harvested by a 1.0 m wide
Carter flail forage harvester (Carter Manufacturing Company, Inc; Brookston, IN, USA).
The freshly harvested forage was weighed and wet weight recorded. A grab sample was
collected from each plot for moisture determination and further lab analyses. Grab
samples and hand-clipped plants were weighed in the field, and later pre-dried in a
greenhouse and then in a forced-air oven at 65ºC to constant weight. For each plot,
forage yield was first recorded in kg fresh weight and later converted into kg DM ha-1.
Dry-weights of individual plants were added back to whole plot dry weights in an attempt
to not bias the data. Plot yields, after the equalizing May harvest, were combined to
produce cumulative (June-September) season forage yield. Data were organized to allow
comparison of yield by treatment within year and by years within treatment.
Nutritive value of native grasses
Dried whole plot grab samples were ground to pass a 1-mm sieve (Willey mill,
Standard model 3, Arthur H. Thomas Co., Philadelphia, PA, USA) and stored in plastic
sample bags until analyzed for their chemical composition and digestibility. Samples
were analyzed for crude protein (CP) by block digestion method (AOAC, 2001).
Concentrations of neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid
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detergent lignin (ADL) in the DM as well as DM and NDF digestibility were determined
according to ANKOM Technology method 3 (ANKOM, 2005). Ash content was
determined by combustion in a muffle furnace at 550ºC for 4 hours (AOAC, 2001).
Percent organic matter content (DM basis) was calculated by subtracting ash content
(DM basis) from 100. During each year, values for each harvesting event were averaged
within treatment and recorded as mean DM, CP, NDF, etc., content. Data for grab
samples from each May harvest were handled separately.
Species nutritive value assessment
Assessments of species‟ nutritive values were based on measurements taken on
tiller leaf and stem components as indicators of species forage leafiness. A day before
each plot harvest event, three tillers of IG and LB were clipped at ground level and stored
in a cooler until lab analyses. Each tiller was separated into leaves and stem by cutting
through the collar leaving leaf sheaths as stem components. Total leaf area (LA, cm-2)
was determined for leaf blades of each tiller by a portable area meter (LI-COR, Model No
LI-3000 LI-COR Biosciences, Lincoln, NE, USA). Stem and leaf sections for each tiller
were dried separately in a small oven at 60ºC to constant weight, cooled in a desiccator
and weighed on a microbalance AG 104 (Mettler-Toledo Inc., Columbus OH, USA), to
determine tiller leaf (LW) and stem (SW) dry weights. Tiller leaf:stem ratio (LSR) was
calculated as LW/SW. Specific leaf area (SLA, cm2 g-1) as LA/LW. For each year, LSR
and SLA values, after the equalizing (May) harvest, were averaged within treatment
across harvest dates. Measurements taken at the equalizing (mid-May) harvest saved as
initial values for plots not harvested earlier, and as indicators of post-season recovery
growth. All harvest means (mid-May and June-September, cumulative) were compared
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within year, to determine treatment effects and durations of harvest within treatment as
for the yield analysis.
Data Analyses
Data were subjected to ANOVA in complete block design with harvest regimes as
treatments and plots as experimental units using the general linear model of SAS (2007).
Mean separations were based on Fisher‟s protected least significant difference (LSD) and
differences considered significant at 0.05 probability level.
Results and Discussion
Whole plot forage yield
To determine effects of harvest interval on yearly forage production cumulative
yields, excluding the equalizing harvest in mid-May, were compared across treatments.
The mid-May harvest was excluded as it is primarily composed of dead material of
regrowth after the last harvest of the previous year. Harvest year and harvest interval
interacted to influence mean cumulative June-September forage yield (Fig. 2.3).
Statistical comparisons of treatments were therefore conducted separately for each year
(Table 2.1). During 2008, first year (Y108) cumulative yield was affected by harvest
interval (Table 2.1, left). Yield was greatest for the 30-d harvest interval (8472 kg ha-1).
Yield from this treatment was greater (P <0.03) than the 60-d (5115 kg ha-1), the 120-d
(4094 kg ha-1) and the 90-d (3760 kg ha-1) treatments, but not the 40-d treatment (6325 kg
ha-1). In 2009, (Y109) treatment differences in cumulative yields were not observed.
Yields in 2009 ranged from 3411 to 4813 kg ha-1 for the 40- and 90-d harvest intervals,
respectively. Decrease in forage yield observed in 2008 with lengthening of harvest
intervals reflected differences in damage to plants, most likely, due to timing of
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defoliation. These differences are mainly influenced by the proportion of growing points
lost at defoliation, which influenced the nature of repair the plant had to make before
normal growth and development resumed. At shorter harvest intervals, most NWSG
were cut during their vegetative growth phase characterized by leaf blade elongation and
expansion (Manske and Ske, 1998). At appropriate cutting heights, most intercalary
meristems (between leaf blade and leaf sheath) are left intact. Such plants regrow to
replace lost leaf area by rapid leaf blade elongation from their intercalry meristems before
elongation of leaf sheath or stem can occur (Briske, 1991; Hannaway et al., 2000). Thus,
regrowth following partial defoliation that spared intercalary meristem would result in
greater forage yields. As long as plant vigor and growing points are retained, repeating
defoliation events result in continued forage production (Hannaway et al., 2000). This
was likely the case for the 30-, and to some extent the 40-d treatments in the present
study. Additionally, defoliation also removes the hormonal effect of mature leaves thus
stimulating growth of secondary tillers (Murphy and Briske, 1992). This triggers
compensatory growth mechanisms, contributing to greater vegetative biomass yields. On
the contrary, plants defoliated at advanced phenological stages, loose most intercalary
meristems, necessitating initiation of axillary tiller growth and new leaf primordia
(Briske, 1991; Hannaway et al., 2000). This delays leaf area replacement and deplete
relatively, more stored energy. At longer harvest intervals also, most grasses approach or
reach maturity, at which old leaves translocate carbohydrates to storage organs (crown
and roots) thus constituting decline in shoot growth in favor of root growth (Briske,
1991). This would result in less cumulative annual forage yield at longer harvest
intervals. As suggested by Donaghy and Fulkerson (1998), beyond 40 days of recovery,
differences in vegetative regrowth rates disappear, probably due to preferential allocation
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of assimilates to root growth and crown storage structures. This is likely the reason
behind similarities in values for the 90- and 120-d treatments. These results suggest that
managers could realize more forage from similar mixed native grass stands by observing
timely harvesting at 30- or 40-d intervals. Assuming a daily hay dry matter intake (DMI)
of 2.5% of body weight for a high-quality hay (NRC, 1996), a beef steer weighing 400
kg, will require at least 10 kg d-1. With the 8472 kg ha-1 yield for the 30-d treatment
(Table 2.1) a farmer could feed 10 such steers for about 85 days on hay from the first
year plots. Although some adjustments may be necessary to avoid late season harvesting,
farmers will have the opportunity for at least two months of savings worthy of hay costs.
Within treatment across years, an interaction was derived from 30 and 40-d
treatments (Table 2.1). Yields from Y109 were less than from Y108 for the 30- and 40-d
treatments. Greater yield in 2008 than 2009 harvest year reflected the more uniform
rainfall distribution experienced in 2008 (Fig. 2.4) which supported faster regrowth of
defoliated plants. This shows that compensatory mechanisms enable defoliated native
grasses to recover sooner in years with greater and more uniform distribution of rainfall.
The notable yield depression of about 50% due to year effect shows the importance of
planning for supplemental forage supply to compensate for yield shortage due to weather
changes. Lack of year effect for the 60- 90- and 120-d treatments suggested that growth
for the 90- and 120-d treatments mainly occurred before the dry spell in July, which
killed most shoots. Late season rainfall did not result in substantial growth of new tillers
probably due to shading effect of dead standing biomass. Thus harvesting the 120-d plots
30 days later than the 90-d, did not increase total yield substantially. For the 60-d
treatment, regrowth after mid-July harvest suffered hot temperatures and dry soils, which
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killed some tillers prior to the late season precipitation. This resulted in reduced late
season growth, and thus decreased cumulative annual yields.
Excluding the 30-d treatment, cumulative yields in 2008 from both Y108 and
Y207 plots showed no difference due to harvest intervals (Table 2.1). This is most likely
due to the noted differences in weather. During this study, uniform rainfall distribution
occurred in 2008 (Fig. 2.4), which as suggested by Mullahey et al. (1990), would allow
defoliated plants to regrow fast enough to override the negative effects of defoliation.
Treatment differences could also be masked by combined effects of increased tiller
density (Murphy and Briske, 1992) at shorter harvest intervals and reduced growth rate at
longer harvest intervals due to self-shading (Caldwell et al., 1983). Shading of new
leaves by old senescent leaves reduces canopy photosynthetic light harvesting efficiency
(Caldwell et al., 1983), which slows growth. Most likely, vegetative growth rates were
reduced for the longer harvest intervals due to preferential allocation of carbohydrates to
root growth (Turner et al., 1993; Gutman et al., 2002). This information has practical
implications regarding necessary duration of time between successive harvests. It needs
to be enough for plants to replace lost leaf area but not too long to allow transition into
reproductive development. Delaying harvesting longer than needed for plants to replace
leaf area wastes opportunity for making quality hay (richer in CP and less lignified). It
also prolongs the harvesting season thus depriving plants of time to prepare for the next
year‟s growth before the winter kill.
Second year cumulative yields, (Y207) in 2008 (Table 2.1) were also influenced
by the harvest intervals. During the 2008 harvest year, harvest interval caused yield
differences among Y207 plots, with identical patterns to those of Y108. Greatest yields
were obtained from the 30-d treatment (7627 kg ha-1). Yields for this treatment were
26

greater (P <0.03) than for the 60-d (4161 kg ha-1), the 120-d (3433 kg ha-1) and the 90-d
(3110 kg ha-1), but not the 40-d treatment (5053 kg ha-1). As stated earlier, regrowth for
the 30- and 40-d intervals was mostly from intercalary meristems, usually faster than if
plants would have to initiate new leaf premordia or axillary tillers (Hannaway et al.,
2000). During longer harvest intervals, however, harvesting removed most intercalary
meristems forcing plants to take longer time for leaf area replacement. Additionally, at
longer harvest intervals most plants reached senescence and started translocating
assimilates to storage structures thus reducing harvestable DM. Yields from the Y208
(2009) showed no effect due to harvest interval and ranged from 2395 to 3495 kg ha-1 for
the 30- and 90-d treatments, respectively. Lack of treatment differences in cumulative
yields during 2009 was mostly an effect of the uneven rainfall distribution (Fig. 2.4).
Because moisture is frequently the most limiting factor for plant growth (Havlin et al.,
2005), in 2009, effects of uneven rainfall distribution would often mask the treatment
effects. However, within treatment, cumulative yields were less from Y208 (2009) plots
than their Y207 (2008) counterparts, but only for the 30-d treatment. Year differences in
cumulative yields for all other treatments were not observed.
Observed greater cumulative yield for the 30-d harvest interval suggestd that
plants harvested more frequently regrew relatively faster than those harvested less
frequently (60- to 120-d treatments). Defoliated plants are known to exhibit
compensatory growth (Archer, 1984; Oesterheld and McNaughton, 1991), resulting in
faster relative growth, aboveground. This is partly due to enhanced photosynthetic rates
of newly formed leaves and shoots (Bassman and Dickmann, 1982) and improved light
access in an open canopy (Woledge, 1977; Caldwell et al., 1983). Because defoliation
removes apical meristems, it also removes their hormonal suppressive effects over
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auxiliary buds, which stimulates emergence of secondary tillers (Murphy and Briske,
1992). Furthermore, defoliation of grasses induces preferential allocation of assimilates
to vegetative growth at the expense of crown and root growth (Turner et al., 1993;
Gutman et al., 2002). Other researchers have also found such enhanced growth rates to
override the negative effects of living biomass removal (Myers and Robbins, 1991;
Oesterheld and McNaughton, 1991). However, excessive defoliation compromises stand
persistence by reducing the supply of assimilates to the crown and roots (Donaghy and
Fulkerson, 2002; Nofal et al., 2004). This requires managers to carefully plan harvest
operations for minimizing loss of growing points while at the same time allowing plants
enough recovery time to sustain stand health and plant vigor.
When cumulative forage yields for each harvest regime were plotted to show
relative contribution of each harvest event across a harvest year, more yield correlated
with late-season (September) regrowths in 2008 (Fig. 2.3 a) than in 2009 (Fig. 2.3 b).
This was mainly a year effect due to weather differences. There were notable changes in
climatic factors during the study period, mainly, monthly rainfall (Fig. 2.4) and mean
temperature (Fig. 2.5). Rainfall was more evenly distributed throughout the season in
2008 than in 2009 during which the July dry spell was extended to August. This resulted
in greater forage yield, for the 30- and 40-d harvest intervals, from first year plots in 2008
than their 2009 counterparts (Table 2.1, left, uppercase letters). Similarly, corresponding
yields of second year plots (Y207) in 2008 were greater (P <0.003) than their paired
Y208 in 2009 for the 30-d treatment. However, for all other treatments, yield differences
between 2008 and 2009 were not obaserved. Year effect was also evidenced by the lack
of treatment differences within first year plots in 2009 while differences were observed.
(Table 2.1, left side lowercase letters). Similarly, treatment differences in cumulative
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yields were observed among second year plots in 2008 (Y207), but not in 2009 (Y208)
(Table 2.1, right side lowercase letters). Cumulative forage yield was also affected by
duration of harvest regimes (Fig. 2.3).
Another confounding effect during the 2008 and 2009 harvest years was that
some plots were differentially damaged by farm-road maintenance operations. Plants in
plots were crushed below the cutting height while others were covered by soil. The
heavy machinery also might have caused uneven soil compaction thus introducing
unplanned variability for the trial, changing plant/plot performance.
Information about yield sustainability for a harvest regime is very useful in
designing haying strategies that will cause irreversible tissue damages. Such differences
may cause yield differences due to harvest duration. In the present study, yields were
compared between first and second year plots, within treatment, in both 2008 and 2009
harvest years (Table 2.2, uppercase letters). The purpose of this comparison was to
determine yield sustainability when harvested continuously. Duration of harvest did not
affect cumulative whole plot yield in 2008 (Table 2.2, left) but did in 2009 (Table 2.2,
right). Yields were greater from Y109 than Y208 (P <0.04) for the 30-, 60-, and 90-d
treatments. There were no differences in cumulative forage yield due to harvest duration
(Y207 vs Y108) observed in 2008 (Table 2.2, left). However, yield differences due to
harvest duration were noted between first and second year plots in 2009 (Table 2.2,
right). Yields from Y109 plots ranged from 3411 kg ha-1 for the 40-d to 4813 kg ha-1 for
the 90-d treatment, being greater than for the second year plots (Y208); 2395 kg ha-1 for
the 30-d to 3495 kg ha-1 for the 90-d treatments. Within treatment, yields from Y208
plots were less than (P <0.04) the Y109 plots (Table 2.2) by up to 43% for the 30-d, but
not the 40- or 120-d treatment.
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Reduced yields with continuous harvesting often results from cessation of root
growth due to preferential allocation of resources to shoot growth (Donaghy and
Fulkerson, 1998; Hannaway et al., 2000). Cessation of root growth usually happens as
plants rely on limited leaf area for photosynthesis and, therefore, have reduced energy
and are incapable of supporting simultaneous rapid root and shoot growth (Hannaway et
al., 2000). Such plants end in negative net root extension rate; shedding of dead roots
exceeds rate of growth of new roots due to past defoliation regimes (Davidson and
Milthorpe, 1966). This suggests that, during the 2009 season, plants in Y208 plots could
exploit smaller soil volumes for nutrients and water compared to their counterparts in
Y109 plots resulting in the observed yield differences. This information is useful to
managers who may have to decide on whether or not a stand can withstand harvesting for
two or more years with profitable yields.
Although above ground biomass yield is usually less from areas harvested
previously compared with never harvested (Hannaway et al., 2000), magnitudes of
decline may be influenced by factors such as species composition, rainfall, temperature
and soil fertility (Havlin et al., 2005). The fact that yield differences due to harvest
duration were not observed in 2008 (better rainfall distribution) as in 2009 suggests that,
growth was most limited by weather factors rather than soil fertility. Notable differences
in rainfall (Fig. 2.4) and duration of the June-August dry spell (Fig. 2.5) between the two
years may explain the yield difference. With sufficient rainfall, water and mobile
nutrients become available to plants by mass flow (Brady and Weil, 2008) thus masking
differences in root mass. Yield reductions due to prior defoliation regime have also been
reported. In New Zealand, for example, up to 30% depression in yield was observed on a
fast-growing grass, Chionochloa pallens (Lee et al., 2000). Others have noted yield
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differences due to multiple defoliations (Mullahey et al., 1990; Caraballo et al., 1997).
This implies that, managers may have to adjust harvest rotation cycles accordingly to take
advantage of or avoid weather effects.
A second method for assessing the effects of harvest intervals on stand health was
to measure post-season regrowth. Advantage of this measurement was that even first
year trial plots had experienced a full season of treatments. If one were to assess
cumulative yield, tonnage would be inflated because first year plants had never been
harvested. These data were taken in the May following the previous cumulative yield
data. Data on post-season stand recovery yield in mid-May of 2008 and 2009 were
analyzed for effect of harvest interval and harvest duration. May yield data from Y108
and Y207 harvested in 2008 (Table 2.3, left) and Y109 and Y208 harvested in 2009
(Table 2.3, right) were compared. Post-season recovery yield indicated no year effect or
treatment differences, within harvest duration, for both 2008 and 2009 seasons. This was
probably attributable to sufficient early season rainfall amounts around the study area,
which supported faster spring growth. In 2008, slightly more than 15 cm of rainfall were
recorded in April and 10 cm in May while in 2009 the corresponding amounts were 11
and about 24 cm (Fig. 2.4). In 2008, yield of first year plots (Y108) ranged from 4364 kg
ha-1 for the 30-d to 5342 kg ha-1 for the 60-d treatments (Table 2.3 left). Yield of second
year plots (Y207) ranged from 1800 kg ha-1 for the 30-d to 2813 kg ha-1 for the 120-d
treatment. Absence of treatment effects, within a harvest year, could also result from
several factors: 1) Long recovery period allowed in spring, which usually eliminates
differences due to depletion of carbohydrate reserves (Oesterheld, 1992). With over 42
days of recovery, effects of defoliation on basic allometric relations; root:shoot ratio and
leaf area:weight ratio are offset (Oesterheld and McNaughton, 1991). In the current
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study area, growth of the warm-season grasses started in late March to early April while
harvesting started in mid-May, 2) Growth of opportunistic annual grasses and forbs in
empty spaces between severely defoliated perennials (Scheneiter et al., 2008). This
likely compensated for the loss of yield due to previous defoliation intensity, and 3)
Increased crown expansion for the moderately defoliated perennial grasses (Archer,
1984; Zhao et al., 2008). May perennial grass coverage (due to crown expansion) tended
to be greater for 30- and 40-d than the 60-, 90-, and 120-d treatment plots harvested less
frequently (data not shown).
Similarly, in 2009, within harvest duration (Table 2.3 right), May yields from
Y109 plots ranged from 3309 kg ha-1 (60-d) to 4198 kg ha-1 for the 120-d harvest
interval. From the Y208 plots, May yield ranged from 809 kg ha-1 (30-d) to 1401 kg ha-1
for the 90-d harvest interval. Observed lack of treatment differences for mid-May yield
could be due to the greater rainfall amounts received in April and May (Fig. 2.4), which
likely masked any treatment differences in root extension. Because moisture was not
limiting, the deep and extensive root systems advantage in nutrient uptake was masked.
Although treatments did not affect post-season recovery yield, in 2008 and 2009,
differences due to duration of harvest were observed (Table 2.3, left, uppercase letters).
For example, in 2008, yields of second year plots (Y207) were less (P <0.01) than for
their corresponding first year (Y108) counterparts (except for the 120-d harvest interval),
by 52 (60-d,) to 65% (40-d). Similarly, in 2009, within treatment, mid-May yields from
first year (Y109) plots (Table 2.3, right, uppercase letters) were all greater (P <0.01) than
their second year (Y208) counterparts by 58 to 78% for the 90- and 30-d treatments,
respectively. These yield differences were reflective of sustained negative effects of
previous defoliation events. Plants defoliated for longer durations would be relatively
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more damaged and, therefore, grow at slower rates with reduced yield. Similar
reductions have also been observed on SG (Kiss et al., 2007), Caucasian bluestem
(Anderson and Matches, 1983), and LB (Mullahey et al., 1990). This reduction in midMay yield, which reflected growth limitations associated with harvest duration have
practical implications with respect to control of undesirable plants in mixed stands.
Reduced growth rate would likely provide room to emerging diversity of seedlings which
otherwise would suffer competition for light in a healthy tallgrass stand. This usually
allows forbs to establish, thus improving the diversity of wildlife feed resources (Jones et
al., 2007). Legumes are also good for soil fertility improvement (Havlin et al., 2005). In
the present study, the noted growth of opportunistic forbs and annual grasses also
demonstrated influence of spacial differences in seed availability.
One “three-year” mid-May comparison was possible, in 2009, to assess
sustainability of the forage harvest regimes (Table 2.4). For this assessment, mid-May
harvests of the Y109 and Y208 plots in 2009, were compared to those of Y307 (just
completed second harvest year). Newly established first year plots (Y109) served as the
control. Harvest duration affected stand recovery as indicated by post-season May yield
(Table 2.4, left, uppercase letters). Within treatment, yields of all first year plots (Y109)
were greater (P <0.01) than yields of all Y208 and all Y307 plots (harvested last May in
2009). During the 2009 harvest year, yields of Y109 plots showed no treatment effect
and ranged from 3310 to 4198 kg ha-1 for the 60- and 120-d treatments, respectively. The
Y208 yields, ranged from 809 to 1401 kg ha-1 (30-, and 90-d treatments, respectively),
but were not different from yields of Y307 plots. Similarly, yields of the Y307 showed
no treatment difference and ranged from 1199 kg ha-1 for the 90-d to 1807 kg ha-1 for the
120-d (Table 2.4). Usually, effects of full season of defoliation on stand performance
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regardless of the harvest interval, impact the succeeding post-season growth of the
second harvest year stands (Jatimliansky et al., 1997). Regrowth of defoliated grass
usually has less tiller dry weight and tiller size compared to undefoliated neighbors
(Vinton and Hartnett, 1992; Lee et al., 2000; Ferraro and Oesterheld, 2002). Biomass
yield of previously defoliated tillers, therefore, will be relatively less than of their
undefoliated counterparts. However, after the first-to-second year yield depression, there
was no further yield depression from second to third year likely due to a combination of
factors: 1) Continuous defoliation resulted in greater grass coverage (increased tiller
density) and reduced proportion of forbs, 2) While proportions of the dominant tallgrowing forbs; goldenrod (Solidago canadensis L.) and ragweed (Ambrosia trifida L.)
annual marsh elder (Iva annua L.) and maximilian sunflower (Helianthus maximiliani)
Schrad.), in Y208 were kept small by harvesting, their growth in the Y307 plots was
likely reduced both by depletion of top soil seed bank and also competition from
increased tiller density of the perennial grasses, and 3) After two consecutive harvest
years, tiller coverage of perennial grasses increased due to favored growth of axillary
tillers which increased total grass yield per plot and partly compensated for reduced yield
per plant. The observed yield depression by about 50% due to previous defoliation
necessitates strategic management to boost growth in previously defoliated sites if
continuous forage harvesting for two years is desired. Strategic weed control measures
are also needed to control replacement of the native grasses by undesirable opportunistic
species which tend to take advantage of reduced growth of perennials.
Similar observations were made for the May harvest of 2010, and the data
substantiated the above assertion. During the 2010 harvest year, yield differences
between Y209 and Y308 plots, within treatment (Table 2.4 right), were not observed.
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Yields of the Y209 ranged from 1157 kg ha-1 for the 30-d to 1839 kg ha-1 for the 90-d
harvest intervals while for the Y308, yields ranged from 1040 kg ha-1 for the 30-d to 1598
kg ha-1 for the 120-d treatment. Lack of harvest duration effect on yield at mid-May
2010 harvests, confirmed lack of yield differences between the second (Y208) and third
(Y307) year plots in 2009, discussed above. During two years of complete harvest
cycles, the mixed stands seemed to attain a stable performance standard, substantially less
than the first year. This suggested that recovery of perennial grass stands from previous
defoliation needed more than just a longer growing period in spring. Plants in these plots
probably needed one or two year rest from harvesting to regrow their root systems before
substantial recovery could be reflected in above ground biomass. Rotational forage
management is, therefore, necessary for mixed NWSGs managed for forage yield.
It appeared, though, that some management practices could still influence
regrowth in harvested plots. During the spring of 2010, most of the experimental plots
were engulfed by accidental fire, which mostly damaged early growing warm-season
forbs and cleared standing dead cool-season biomass in both Y209 and Y308 plots (Table
2.4, right). Because Y209 had just completed the first harvest year, their root systems
would be better developed compared to the Y308 which had suffered cessation of root
growth for two consecutive harvest years. In the absence of opportunistic forbs and
standing dead cool-season biomass following a spring-fire, one would expect less yields
during May from Y308 than Y209 in 2010. Yet, yields from Y209 and Y308 in 2010
were not different. In the previous year, when standing dead material was not removed,
and early growing forbs not killed, yields of Y208 and Y307 were also not different. The
lack of yield difference between Y209 and Y308 in 2010 suggested that there was faster
spring growth following the improved light access (Hulbert, 1988) in the absence of
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negative effect of the standing dead material. It is also likely that spring-burning released
nutrients to support the new growth, similar to comparable findings in literature
(Christensen, 1977; Davies et al., 2007). Additionally, dark coloration of the soil surface
would have resulted in earlier warming of soils (Bremer and Ham, 1999; O'Neill et al.,
2002) to induce early spring growth. These observations suggest a potential for
improving growth performance of NWSG in previously harvested sites by spring burning
or fertility management, which will increase forage yield for one more year. However,
these speculations remain to be tested in organized trials.
Forage nutritive value
To determine effects of the harvest intervals on forage quality, mean dry matter
content and chemical composition of whole plot grab samples collected on each harvest
day were compared by treatment (Table 2.5). Additionally, in vitro digestibility of the
forage DM and NDF were determined as indicators of potential nutrient availability to
ruminants. Samples collected from May harvests, were excluded from the analyses as
fields are not usually harvested for forage this early. Normally, nutritive value of forage
plants decreases as the harvesting season advances (Rao et al., 1973; Vona et al., 1984;
Cherney et al., 1993). Means of nutrient characteristics were compared for effects of
harvest interval and harvest duration (first and second harvest year), and year.
Crude Protein Content
Nutritive value of forage material for ruminants is often expressed in terms of CP
concentration of the DM. As a measure of forage‟s ability to meet the protein needs of
the animal, CP value is based on the sum of true protein and non-protein nitrogen in the
DM (Henning et al., 1996). It is obtained by multiplying the total nitrogen percentage by
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the factor 6.25, based on the assumption that 16% of true protein is nitrogen (Jones,
1931). Because measurements of CP are based on analysis of total nitrogen, actual
forage nutritive value depends on availability of its protein fraction to the animal,
determined by its digestibility. However, for ruminants on pasture, protein quality per se
is not of great importance since all amino acids can be synthesized by rumen
microorganisms from plant nitrogen (Ball et al., 1991). The rumen microorganisms use
available nitrogen in the forage material to synthesize their body protein and further
down the digestive tract, the bacteria are digested to avail their amino acids to the animal.
Furthermore, most true protein is readily digestible in the rumen, releasing large amounts
of nitrogen that is quickly converted to ammonia and lost as gas (Ball et al., 1991). More
important, therefore, is the proportion of nitrogen in the forage that is accessible to the
rumen microorganisms and not actual protein. In forages, CP content is also positively
correlated to energy content, such that forages richer in protein provide more energy per
unit dry matter (Weiss et al., 2010). Moreover, forage digestibility is also known to
increase exponentially with CP concentration (Holter and Reid, 1959), making forages
with more CP values more desirable for livestock feeding.
Protein in forages is mainly contained inside the plant cell-wall fractions whose
digestibility decreases at mature stages thus reducing their CP availability to ruminants
(Van Soest, 1967). In ruminant nutrition, 7 to 8% CP, (DM basis), is considered a
minimum for quality forage to beef cattle (NRC, 1996). In this study, only the second
harvest for the 30-d treatment (7.4%) met the minimum CP requirement for quality
forage. For all harvest dates, changes in CP content across a harvest season, for both first
and second harvest year plots, were found to be in similar patterns. Therefore, means of
CP by harvest interval were pooled across harvest years and durations (Table 2.5).
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Within treatment, differences in CP content due to harvest date were observed (Table 2.5,
rows, lowercase letters). After the mid-May harvest, CP values were greatest at the
second harvest, for the 30-d (7.4%) interval, which was greater (P <0.001) than the fourth
(6.3%) and fifth (4.7%) harvests, but not the third (6.7%). All CP values fell between
reported average of 9.7% (leaf) and 4.3% (stem) for BB and SG at early head emergence
(Griffin and Jung, 1983). This is understandable since CP values in the current study
were measured on mixed whole plot samples, not sorted into leaves and stems or grasses
and forbs. The noted low CP levels at later harvest dates were likely due to changes in
environmental factors mainly temperature, water deficit, solar radiation and soil nutrient
availability (Van Soest et al., 1978; Buxton and Redfearn, 1997). Usually, increase in
temperature reduces forage quality even at the same age (Buxton, 1996; Nordheim-Viken
et al., 2009). Elevation of temperatures usually depresses forage digestibility due to
associated increase in NDF concentrations (Buxton and Redfearn, 1997). Forages grown
at elevated temperatures have more lignified NDF (Buxton and Fales, 1994), usually less
digestible than forages grown under low temperatures. Buxton and Redfearn (1997)
noted that water deficit induces accelerated leaf senescence associated with translocation
of protein nitrogen and soluble carbohydrates out of the aging and dieing leaves. This
was partly the case with the late season regrowth in the current study. Based on the CP
values observed, for the 30-d treatment, only the second and third harvests could be good
quality hay for beef cattle. Because the fourth harvest for this treatment (6.3%) was in
mid August and fell short of the minimum CP of 7%, managers would better rely on
stored quality hay rather than late season harvest.
Decline in CP content, as the season advances are common for warm-season
grasses (Haggar, 1970; Beaty and Engel, 1980). For example, for SG (Sanderson et al.,
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1999a), mean CP content was found to decrease from 11% in May regrowth to only 2%
in September or later. Less protein content in grasses also occur with greater rainfall
which may leach nitrogen from the soil (Ball et al., 1991). This could be the case in this
study where most harvests were followed by heavy rains, leaving less fertile soils for the
regrowth. In mixed pastures, CP content is also influenced by species composition and is
usually greater in stands with increased proportions of forbs. This is so because, at the
same maturity stage, CP content is usually greater in forbs than grasses (Muoghalu and
Isichei, 1991). However, since most forbs in hay fields have growing points above the
cutting height, their survival in stands tends to decrease under continuous harvesting.
This will reduce proportions of forbs in subsequent harvests which often translate into
declining CP values as observed in the current study.
For the 40-d treatment, there was no difference of CP content between the second
(6.9%) and third (6.4%) harvest, but both were greater (P <0.001) than the fourth (5.2%)
harvest. Decline in CP content of the 40-d treatment over the course of the year was
partly due to lignification of cell-walls (mostly the stem and leaf mid-ribs) for structural
support (Jung and Vogel, 1992). This renders cell contents unavailable to the animal
because lignin is indigestible (Moore and Jung, 2001). There were also notable
similarities in CP trends for the 30- and 40-d harvest intervals. Even for shorter harvest
intervals, late season harvests often make poor hay because grasses are prompted by
changes in temperature and photoperiod into reproductive growth phase which reduces
leaf:stem ratio of the biomass (Beaty and Engel, 1980). Compared to early-season, late
season harvests have reduced proportion of forbs and, therefore, less CP content. It
appears that by the fourth harvest for the 30-d treatment (August 15) growing conditions
(temperature, day length, and soil moisture) triggered phenological transition into
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reproductive phase. Plants had reduced leaf:stem ratio and likely more lignified, hence
their reduced CP content. Managers will therefore need to maintain timely harvesting
and do so early in the season ending mid-July beyond which CP content falls below the
minimum for quality forage.
Based on reported dietary CP requirements ranging from 7% for a mature beef
cow to 19% for a high-producing dairy cow (NRC, 1996), only two harvests for the 30-,
and one for the 40-d treatments wold make quality hay. There was no difference in CP
content between the second (5.4) and third (5.2) harvests for the 60-d harvest interval (P
<0.05). Values were also far below the 7% minimum for quality hay. This implies that
the 60-d harvest interval was long enough for plants to transform into reproductive
growth, which usually has large proportion of stems and senescent leaves (Griffin and
Jung, 1983; Twidwell et al., 1988). Harvesting only once between late August and end of
September for hay making, is therefore, not advisable. After three- to four-month
growth, the harvested material will have more lignified stems with fewer leaves, poor
quality hay. In the current study, this was observed for plots harvested only once, after
May, at 90-, and 120-d intervals. Their CP values decreased to 4.4 and 4.2%,
respectively. Thus, harvesting only once after May, whether after 90 or 120 days,
resulted with wasted opportunity for production of quality hay. Associated losses in farm
products may put off farmers from bringing more areas under NWSG, leaving summer
forage production unimproved.
A comparison was also made involving independent harvests from all harvest
intervals to determine similarities in forage quality based on CP content. Similarities and
differences in CP% by harvest dates, pooled across harvest intervals, are indicated by
uppercase letters in Table 2.5. From this comparison, the second (7.4%) and third (6.7%)
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harvests of the 30-d and the second (6.9%) of the 40-d interval were not different and
ranked highest in CP. During this period, between May and mid-July (Fig. 2.2), plants
were not drought stressed (Fig. 2.4) and had not reached transition to reproductive stages.
These results indicated that, by incorporating NWSGs in forage production, livestock
farmers in Mississippi could extend reliable quality forage season to mid-July without
protein supplements. This would likely cut down the harvestable forage yield for the 30or 40-d by half, which for the 10 beef steers (400 kg each) the farmer would only have
enough hay for about 42 days. Still, farmers could strategically turn animals on the
regrowth beyond July, to selectively graze the most nutritious plant material before the
September rains. This opportunity to extend the haying season to mid-July and delaying
hay feeding for some days beyond mid-July could mean great savings on purchases of
hay and feed supplements to farmers.
Values were also greater (P <0.001) than at the fourth harvest of the 30-d and the
third of the 40-d interval, followed by the fifth of 30-, fourth of 40- and both second and
third of 60-d interval. The second harvest of the 90- was not different from the 120-d
interval in CP content and was also similar to the third harvest of the 60-, the fourth of
40-, and fifth of the 30-d interval. Generally CP values declined as days to the second
harvest increased. This mainly resulted from increased cell-wall lignification and
increased stem proportions. Similar declines in CP content with maturity were earlier
reported for bermudagrass by Arthington and Brown (2005) who observed up to 38% CP
defference between the four and ten week maturity stages. These declines in CP content,
as forage plants mature, happen as nutrients are translocated from senescent leaves to the
crown and roots, for storage, (Lyons et al., 1996) or leached into the ground. As maturity
approaches, plant cell-walls become increasingly lignified to provide the necessary
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structural support to leaves and inflorescence, which facilitates light interception and
pollination. This results in general decline of cell content while increasing cell wall
proportions in stems and leaves, making a less nutritious biomass. As earlier noted for
bermudagrass (Ball et al., 1991), cell contents decreased from 65 to 40% while cell walls
increased from 35 to 65% between two (immature) and seven (mature stage) weeks of
age, respectively. Concurrently, CP content declined from 12 to below 8% between two
and seven weeks, respectively. Similarly, leaf CP of BB has been found to decline due to
longer regrowth periods (Owensby et al., 1977; Forwood and Magai, 1992) during
periods of active growth. Decline of forage CP content at maturity may also result from
decreased proportion of leaves in the standing biomass (Griffin and Jung, 1983) coupled
with increased proportion of senesced leaves in the sward. Usually, grasses have more
CP in leaves than in stems (Forwood and Magai, 1992). Based on changes in CP content
observed in this study, haying at 30- to 40-d intervals and no later than mid-July, is
advisable. This implies two harvests for the 30-d interval and only one for the 40-d
harvest intervals. Beyond mid-July, however, farmers may strategically allow animals to
graze on would be second and third harvests for the 40-, and 30-d intervals, respectively,
for brief occupation periods as describe earlier.
Neutral Detergent Fiber Content
Another indicator of forage nutritive value is the proportion of NDF in the DM,
which refers to the total cell wall proportion of a plant. For forages, NDF value indicates
total fiber content (hemicellulose, cellulose and lignin) and is partially digestible by
ruminants, depending on plant species and stage of maturity (Van Soest et al., 1991).
Therefore, forages with less NDF are better for weight gain. Good-quality grasses will
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have 55 to 60% NDF (Weiss et al., 2010), while poor-quality grasses will have 70 to
80%. June-September harvests, in 2008 and 2009, were compared for treatment and
harvest date effects (Table 2.6) on NDF content. Treatment comparison was based on the
second harvest data only; the only one with records for each treatment. Year differences
were noted on changes in NDF content due to harvest dates. During the 2008 harvest
season, changes in NDF content of the second harvest did not follow a consistent
treatment trend, but did in 2009 (Table 2.6, uppercase letters within column). During the
2009, second harvest NDF was greater for longer harvest intervals. While harvest date
effects on NDF content, in 2008, were not observed for the 60-d harvest interval, they
were for all assessed treatments in 2009 (Table 2.6, lowercase letters within row). These
differences were mostly a reflection of yearly variations in weather (Fig. 2.4) and delayed
second harvest in 2008 (Fig. 2.2). While the second harvest in 2008 was a 34-d growth,
it was a 29-d growth in 2009 (Fig. 2.2). Five extra days of growth in June probably
resulted with greater stem growth and hence the noted greater NDF content. Effect of
plant maturity on NDF content was better noticed in the 2009 second harvest data (Table
2.6 right uppercase letters). In 2009, the greatest NDF value (71%) was for the 120-d
treatment. For this treatment, NDF was greater than for the 90- (66%), 60- (64%), 40(63%), and the 30-d (62%) treatments. Increased NDF content of mature forage plants
was expected as plants tend to grow more reproductive tillers with greater proportions of
structural carbohydrates (Griffin and Jung, 1983; Wilson and Hatfield, 1997). This is so
because at this stage plants need more structural fiber for physical support (Twidwell et
al., 1988; Buxton and Redfearn, 1997). Unfortunately, these necessary changes to the
plant are not as good in terms of forage quality. This is because NDF content is usually
inversely related to voluntary DM intake by animals (Reid et al., 1988; Ball et al., 1991;
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Jung and Allen, 1995; Allen, 1996; Baumont et al., 2000). Forages at this stage usually
have less nutritive value due to reduced CP content (Perry and Baltensperger, 1979) and
increased lignin content making them less digestible (Barrière et al., 2005). The NDF
values observed for the 30-, 40-, and 60-d harvest intervals were slightly above the upper
limit of 60% (Weiss et al., 2010) for high-quality grass but far below the minimum level
of 70% for less-quality grass. Considering their associated CP values, only the 30-, and
40-d harvests could be considered good quality hay. The 60-d hay would be less in CP
(5%), with greater proportions of stems and highly lignified. This makes delaying the
second harvest for up to 60 days wastage of resources on poor-quality hay.
Within treatment, mean NDF content for the 60-d interval, in the 2008, was
greater (68%) at the second harvest than the third (65%) (Table 2.6, left lowercase letters
within row). Differences due to harvest date were not noted for other treatments. For the
30-d harvest interval, NDF values were 69% for the second harvest and 67% for the third,
fourth and fifth harvests. In 2009, however, the effect of harvest date was clearly evident
(Table 2.6, right, lowercase letters within row). For the 30-d harvest regime, NDF
content was 62% at the second harvest, and less (P <0.03) than the subsequent harvests,
[66% (fifth) and 67% (third and fourth)]. Increase in fiber content for late-season
harvests was also observed for the 40-d treatment. Mean NDF values were reduced at the
second (63%) than the fourth, (P <0.02) but not different from the third harvest (66%).
At the second harvest, 60-d interval NDF (64%) was less than at the third (68%). This
increased NDF content at late harvest dates was mainly attributable to phenological
responses to hot temperature and shortening of day length (Buxton and Fales, 1994),
which usually trigger transition into the reproductive phase (Briske, 1991; Manske,
1999). At the same harvest interval, biomass harvested earlier in the season is usually
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less in NDF and, therefore, more digestible. For example, NDF content at maturity, for
SG, has been found to increase from an average of 64% in May to 79% for September
and later harvests (Sanderson et al., 1999a). Similar findings were also reported for BB
and SG (Griffin and Jung, 1983; Sanderson et al., 1999a) and other grasses (Cherney et
al., 1993). Additionally, plants growing in hot temperatures tend to develop faster,
resulting in reduced leaf:stem ratios and digestibility (Buxton, 1996).
Anomalies in forage nutritive value within a season many also occure due to
interactions between weather fluctuations, phenological development and changes in
stand composition. At early harvest dates, for example, some forbs may be fewer in
numbers but at later stages they become plenty, which may influence measured NDF.
Usually, grasses with 55 to 60% NDF are considered good-quality while those with 70 to
80% are poor- (Weiss et al., 2010). In the present study, the NDF for the second harvest
of the 30- (62%) and 40-d (63%) interval were very close to the minimum acceptable
cutoff of 60% for quality hay. This also agreed with the observed CP values for the same
harvest dates, 7.4 and 6.9%, respectively. At the later harvest dates with greater NDF
values, CP content was also below the minimum limit of 7% for quality hay. Such
material would also be less digestible and if harvested, the farmer would have to encure
extra costs on protein supplements.
Acid Detergent Fiber Content
For forage material, cellulose and lignin components of total fiber are grouped as
ADF, which is less digestible, compared to hemicellulose. It is also negatively correlated
with intake (Reid et al., 1988). Compared with NDF, therefore, ADF is of very poor
nutritive value. Forages are better with less ADF content and the range for good-quality
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grasses is around 30 to 35% (Weiss et al., 2010). As with the NDF data (Table 2.6), year
effect on ADF content at different harvest intervals and harvest dates were observed.
Data is therefore presented separately for each year (Table 2.6). During the 2008 harvest
year, there was no treatment or harvest date effect on ADF content observed (Table 2.7
left). Values ranged from 35% for all harvest dates for the 40-d treatment to 37% for the
fifth harvest of the 30-d, and the second of 60-d treatment. In 2009, treatment and
harvest date effects were observed (Table 2.7, right uppercase letters). The least ADF
content at second harvest was observed for the 40-d interval. This ADF content was less
than 36% for the 90-d, and 40% for the 120-d treatments, but not different from 34% for
the 30-, and 60-d treatments. The increase in ADF content for longer intervals reflected
the increased lignin content in the mature plant cells. These results still agreed with both
CP and NDF values for the same harvests. Although the 30- and 60-d treatments had
same numeric ADF value, their less CP content (5%) still disqualified them for hay
making. The 30- and 40-d harvests still met the standards for good-quality grass hay.
Within treatment, mean ADF content data were also compared for effect of
harvest date on forage quality (Table 2.7, right lowercase letters). For the 30-d interval,
ADF values were less and similar at the second (34%) and fourth (33%) harvests but
greater (P <0.01) at the third (37%) and fifth (38%) harvests, which were not different.
This pattern of ADF content across the season, within a harvest regime, is attributable to
the unusual changes in climatic factors, in 2009, characterised by very high rainfalls in
May and September (Fig. 2.4), and prolonged hot dry spell in June to August (Fig. 2.5).
Elevated temperatures are known to increase rate of plant development with reduced
leaf:stem ratio and digestibility (Buxton and Redfearn, 1997). Most likely elevated
temperatures in 2009 created drought conditions for the regrowth after the third harvest,
46

resulting in less vigorous growth, less demand for mechanical support, and therefore, less
lignified cells, similar to earlier findings (Van Soest et al., 1978; Buxton, 1996; Seguin et
al., 2002). Similar weather related differences in ADF content were also noted for the
40-d harvest interval. For this treatment, ADF values differed (P <0.001) being less at
the second harvest (33%), greatest at the fourth (37%), but intermediate at the third
(35%). For the 60-d harvest interval, ADF was less at the second (34%) than (P <0.001)
the third (37%) harvest. Based on the maximum of 35% ADF content for good-quality
grasses (Weiss et al., 2010), only three harvests would make good-quality hay; the second
and fourth harvests of the 30-d treatment and also the second and third of the 40-d harvest
interval. However, from their associated CP and NDF values, the fourth harvest of the
30-d treatment would not qualify for quality hay. The third harvest might be good forage
because its CP content (6.9%) was about 7% and NDF below the minimum limit of 70%
for poor quality grasses. This left the second and third harvests of the 30-d and the
second harvest of the 40-d treatment the only quality material for hay making.
Acid Detergent Lignin Content
Another anti-quality component in forages is lignin, which usually interferes with
fiber digestion. Lignin, which is usually deposited in the cell walls as plant matures
(Griffin and Jung, 1983; Nordheim-Viken et al., 2009), is believed to act as a physical
barrier to microbial enzymes (Moore and Jung, 2001), or form chemical cross-links with
fiber polysaccharides (Buxton and Redfearn, 1997). This makes forage plants with less
lignin in their structural cells (reduced ADL values) desirable. In this study, data for
ADL content showed year effect with differences between treatments and between
harvest dates within treatment (Table 2.8). Although treatment effects for ADL content
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at the second harvest were observed in both 2008 and 2009 harvest years, they were in
different trends for each year. In 2008, ADL values were greater at longer harvest
intervals indicating more lignin content, characteristic of plants harvested at advanced
maturity stages (Table 2.8, left uppercase letters). Within treatment, harvest date effects
were noted (P <0.001) for the 30-d treatment (Table 2.8 left, lowercase letters). For this
treatment, ADL values were less at the second (4.2%) harvest but similar to the third
harvest (4.8%). At this harvest date, ADL values were less than the pooled average of
4.7% for BB and SG leaf tissue in literature (Griffin and Jung, 1983) but greater than the
range of 3.4 to 4.3% (Mulkey et al., 2008) later observed on mixed warm-season grasses.
However, values obtained at later harvests, in 2008, were increasingly tending to the
pooled average of 7.2% for BB and SG stem tissue (Griffin and Jung, 1983). Mean ADL
content obtained at the second harvest of this study (4.2%) was less (P <0.001) than the
fourth (5.3%) and the fifth (6.7), but not the third. The fourth and fifth harvests also
differed for their ADL contents. The noted differences between ADL values from the
current study and those in the literature were mainly due to the fact that, samples were
not sorted into leaves and stems. The samples were also from mixed stands of BB, IG,
LB, SG, and forbs. However, most values still fell between the reported leaf-, and stemtissue averages above. The observed increased ADL content at later harvest dates
supported earlier assertions on decline of forage quality based on less CP content
accompanied by greater NDF and ADL values.
For the 40-d harvest interval, ADL contents at the second (3.7%) and third (4.1%)
harvests (Table 2.8, left) were not different. However, both were less (P <0.001) than at
the fourth (5.5%) harvest date. Values at the second and third harvests were all below the
4.2% average for BB and SG (Griffin and Jung, 1983), suggesting that forage quality of
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the first two regrowths for the 40-d harvest interval could be less lignified. For the 6090- and 120-d harvest intervals, no differences were observed.
In 2009, there were no differences in ADL content noted for the 30-d treatment
(Table 2.8, right lowercase letters). Values ranged from 4.4% at the third and fourth
harvest to 4.6% at the second harvest. For the 40-d treatment, however, effects due to
harvest date were observed in different pattern to those in 2008. Values, at the second
(4.3%) and fourth (4.6%) harvests, were similar, but both being greater than the third
(3.1%) harvest. For the 60-, 90-, and 120-d treatments, ADL values were not different,
and ranged from 3.7% (least) at the second harvest of 60-d to 5.2% (the greatest) for the
120-d interval. Even lthough these ADL values were less than the 5.6% in the literature
(Mitchell et al., 2005) for BB, they could still not imply better forage quality depending
on their composition (Crampton and Maynard, 1938; Jung and Allen, 1995). Such
factors as growing condition (Crampton and Maynard, 1938), maturity stage and species
composition, known to influence lignin composition (Reeves, 1987; Jung and Vogel,
1992), may cause notable differences in forage quality even at similar ADL conntent.
The noted increase in second harvest ADL values with lengthening of harvest interval
was consistent with increased lignification for mature plants (Crampton and Maynard,
1938). Plants at the longer harvest intervals were harvested at more advanced maturity
stages. During the 2009 year, differences between harvest dates within treatment were
only noted for the 40-d treatment, and did not follow a consistent pattern. This suggests
that multiple factors including changes in weather components within season influenced
lignin content in the harvested material. Because the 30-d harvest interval minimized
light competition to legumes and other forbs in the stands ADL value would also be
influenced by the type of forbs in the stand. Still, some harvest dates of the 30- and 40-d
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treatments resulted with greater ADL values than even the 60-d ones. Yet, it is not clear
whether the forbs filling exposed voids in the stand are desirable forage species or not.
In vitro Digestibility
Forage quality for ruminants can also be predicted from in vitro DM digestibility
(IVDMD) and NDF digestibility (NDFD), which indicate relative availability of nutrients
to animals. Generally, greater digestibility values imply greater nutrient availability to
ruminants and a minimum of 55% IVDMD (NRC, 1996) is recommended for grasses.
This information is important to farmers for estimating DMI of different classes of
animals, as it is much influenced by the speed with which consumed material is digested
to create room for more intakes. Because statistic analysis indicated year effect on the
measured IVDMD, results of mean comparison are presented separately by year. There
were no treatment or harvest date effect on IVDMD observed in 2008 (Table 2.9, left).
Values were below 50% ranging from 42% for the 120-d harvest to 49% at the second
harvest of the 40-d harvest interval. On the 2009 data, both treatment and harvest date
effects were observed (Table 2.9 right). Between treatments, IVDMD values at the
second harvest were greater at shorter intervals. The greatest value (65%) was observed
for the 40-d treatment, and greater than 53% (90-d), 45% (120-d) but not different from
the 30- or 60-d harvest intervals. This was not surprising because longer regrowth
intervals would have allowed more tillers to enter their reproductive phase, characterized
by jointed stems and lignified cell walls. Increased digestibility values for shorter harvest
intervals were consistent with the decreased fiber content (NDF, ADF and ADL) values
discussed above. Decreased fiber biomass is usually less lignified and therefore easily
digested in the rumen (Manske and Ske, 1998; Difante et al., 2008). At longer harvest
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intervals, plant tillers and cell-walls had the opportunity to lignify and, therefore, became
less digestible (Perry and Baltensperger, 1979; Buxton, 1996). Plants harvested at longer
intervals had also translocated most carbohydrates to the crown and roots, becoming
richer in cell-walls than cell contents. Mature leaves are also greatly lignified for
mechanical support reasons (Barnes et al., 1995), which also makes them less digestible.
Furthermore, long harvest intervals allow for loss of senescing leaves increasing the
proportion of stems in the harvested biomass (Twidwell et al., 1988). In a similar trend,
IVDMD for whole plant BB samples clipped at 30, 41, and 51 cm stage, declined from
50 to 52 and 45%, respectively (Forwood and Magai, 1992). In a feeding experiment
with cattle, Vona et al. (1984) demonstrated similar declines in DM digestibility of mixed
SG and BB hay from 70.8 to 56.6% between late vegetative and early heading stages.
These trends indicate that availability of nutrients in forage grasses would be greater at
early than later growth stages. There being no difference in IVDMD between the 30- and
40-d regrowth after the May harvest, managers could conveniently work with any
depending on operational logistics; weather, machinery, or manpower.
Although greater digestibility values were expected at shorter harvest intervals,
phenological changes induced by climatic factors, mainly temperature, rainfall, and
photoperiod, probably affected forage digestibility. Mean IVDMD data were, therefore,
analyzed for effect of harvest date within treatment to determine the best timing for
quality hay (Table 2.9, right, lowercase letters). For the 30-d treatment, IVDMD values
were similar and greater at the second (63%) and fourth (64%) harvests than the third
(54%) and fifth (50%). Dry matter digestibility of BB hay has also been found to decline
from 67.8 to 54.6% between late July and early August (Vona et al., 1984). Similar
declines in IVDMD throughout summer have been observed on BB (Hendrickson et al.,
51

1997) due to declining cell-wall digestibility. Declines in the present study resembled
reported differences in digestibility between leaves (60.4%) and stems (50%) of mixed
BB and SG at early head emergence (Griffin and Jung, 1983). This suggests that greater
proportion of stems at maturity results with reduced forage quality. The IVDMD values
in the present study also agreed with their associated CP and NDF content, supporting the
assertion that forage quality decreased with lengthening of harvest interval. Although
IVDMD of the 30-, 40-, and 60-d harvest intervals were well above the minimum value
of 55% for quality forage (NRC, 1996), issues of acceptability associated with NDF
content in the DM could limit suitability of the 60-d harvest interval for haying.
Changes in environmental factors across a season that influence forage yield and
quality; plant nutrients, water, temperature and light (Van Soest, 1994) will eventually
affect dry matter intake (DMI) of the material. These variables determine plant response
at maturity to affect DM digestibility as in the current study. It is likely that the increased
rainfall (Fig. 2.4) and warm temperatures experienced in June of 2009 (Fig. 2.5), in the
current study, induced faster plant development similar to findings in literature (Buxton,
1996). This resulted in reduced leaf:stem ratio, richer in stem fibers, and therefore, less
digestible. The weather conditions in June were generally reproduced in August which
may explain their observed similarity in IVDMD values. Forage quality for the fourth
harvest of the 30-d harvest regime was more influenced by the prolonged dry conditions,
June to August, (Fig. 2.4 and 2.5) in 2009. Usually, as long as the plant does not die,
drought stress increases forage digestibility (Ball et al., 1991). This is so because such
plants grow less vigorously and cell-walls get less lignified due to reduced demand for
mechanical support (Buxton, 1996; Seguin et al., 2002). However, IVDMD values for
the second, third and fourth harvests of the 30-d and the second and third of the 40-d
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treatments of this study (Table 2.9) were above or very close to the recommended 55%
(NRC, 1996), for good quality forage (Ball et al., 1991). Management interventions to
boost biomass yield should, therefore, target the growing period for the second and third
harvest of the 30-d and only the second harvest of the 40-d treatment, before the July dry
spell. These combined effects of weather and maturity stage were also reflected in
IVDMD values for the 40- and 60-d treatments (Table 2.9). For the 40-d treatment,
IVDMD values decreased (P <0.001) from 65 to 57 and 48% for the second, third, and
fourth harvests, respectively. For the 60-d treatment, mean IVDMD was greater at the
second (58%) than (P <0.001) the third (49%) harvest. For the 90- and 120-d intervals,
IVDMD values were 53 and 45%, respectively. This information may be helpful when
advising farmers to invest more in early season haying, knowing that opportunities to
optimize yield and quality are limited by weather conditions.
The observed trends in IVDMD values were generally reproduced in the NDFD
ones. Year effects were noted on the NDFD trends warranting results to be presented by
year (Table 2.10). In 2008, NDFD values were greater for shorter harvest intervals. As
for IVDMD, the second harvest NDFD values also indicated better forage quality from
early-season regrowth (Table 2.10 left, uppercase letters). The greatest value was for the
40-d interval (67%). For this treatment, NDFD was greater than 60% for the 90- and
56% for the 120-d, but not different from the 62% for the 30- and 60-d intervals.
Reduced NDFD values at longer harvest intervals suggest that fiber concentration and
lignin content increased with age of regrowth. The noted decrease in NDFD values
followed a recognized trend in forage digestibility towards maturity. In grasses, NDFD
may decline by up to 40% due to maturity alone (Hoffman et al., 2003). These declines
are associated with physiological changes involving development of xylem vessels for
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water transport, accumulated cellulose, and complex carbohydrates, all bound together by
lignin deposition (Moore and Jung, 2001). Such changes would make plant cell-wall
more resistant to digestion by rumen microbes.
For the 2008 data, comparison of means between harvest dates within treatment
was also made for NDFD data (Table 2.10, left, lowercase letters). Except for the 40-d
treatment, NDFD values showed no difference due to harvest date. For this treatment,
greatest NDFD values were observed at the second harvest (67%) and were greater than
at the fifth (61%), but not different from the third (65%). For the other treatments,
NDFD values ranged from 57% at the fifth harvest of 30- to 62% at the second and third
harvests of the 30- and 60-d intervals.
Analysis of the 2009 data for treatment effect on NDF digestibility also found
NDFD values to decrease with lengthening of harvest intervals (Table 2.10, right,
uppercase letters). As for the 2008 data, the greatest NDFD value in 2009 was observed
for the 40-d harvest interval. The value for this treatment was greater than for the 90(65%) and 120-d intervals but not different from the 30- (42%) or 40-d (68%). These
results are in agreement with the noted decline in DM digestibility with lengthening of
harvest intervals (Hoffman et al., 2003). At longer harvest intervals, more lignified and
less digestible fiber was expected.
Within treatment, mean NDFD was found to decline across the season as
observed for IVDMD (Table 2.10 right, lowercase letters). For the 30-d treatment,
NDFD values at the second (72%) and fourth (74%) harvests were similar and greater
than (P <0.001) at the third (65%) and fifth (60%) harvests, respectively. These results
supported the assertion that environmental factors impacted forage quality through their
influence on biomass chemical composition. Effects of harvest date on NDFD were also
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observed for the 40-d harvest interval. For this treatment, NDFD was greatest (P <0.001)
at the second harvest (74%) and least (59%) at the fourth, with the third harvest being
intermediate (67%). Likewise, NDFD at the second harvest of the 60-d interval was
greater (68%) than the third (60%) (P <0.002), while for the 90-, and 120-d intervals,
values were numerically equal to or less than the third harvest of 30-d interval. Decline
in NDFD values within a season are common for grasses. Such declines have been
observed in mixed grasses harvested between early May and late June, values falling
from 80 to 44% as lignin content rose from 1.7 to 5.3% (Cherney et al., 1993). However,
most of the NDFD values for the 30- and 40-d treatments were between 65 and 54% for
good-quality and medium quality grass hay, respectively (Hoffman et al., 2006). This
indicated that increased NDF content for the late season harvests might not limit DMI
severely due to their greater digestibility. This is not surprising because decline in NDFD
usually results from extent and type of lignin deposited (Jung and Vogel, 1992), for
which species differences exist (Moore and Jung, 2001). It is possible that forbs in the
harvested plots made a substantial proportion of the biomass, which combined with the
young age of the grasses, resulted in the noted high digestibility. Based on the observed
NDFD values, the second, third, and fourth harvests of the 30-d treatment, and the second
and fourth of the 40-d treatment could fall into acceptable quality hay category.
However, this will still depend on whether the material is actually acceptable to animals.
For late harvest material that is acceptable to animals but not economical to harvest,
strategic grazing could allow animals to selectively consume the nutritious portions. The
60-d harvest interval remains undesirable for its increased stem proportion which may
hinder DMI. Availability of information on voluntary DMI (acceptability) by different
animal classes will be more helpful in deciding on appropriate harvest regimes.
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Species forage yield
To asses treatment effects on species performance in the mixed stands, cumulative
annual dry matter yield per plant of IG and LB from first and second harvest year plots
were compared. This comparison involved Y108 and Y109 (first year plots) and Y207
and Y208 (second year plots) (Table 2.11). There was no year or treatment effect on
cumulative yield of IG from the first year plots observed (Table 2.11, left). From the first
year plots of 2008 (Y108), cumulative yields of IG (g plant-1) ranged from 87 g to 167 g
for the 90- and 60-d intervals, respectively. Similarly, cumulative yield of IG plants from
first year plots (Y109) in 2009, which ranged from 70 g (40-d) to 111 g (120-d) showed
no difference due to harvest intervals. Lack of treatment differences in total yield
demonstrates compensatory growth response of IG to defoliation. Compensatory
mechanisms include faster vegetative biomass production; such as enhanced
photosynthetic rates in damaged leaves, delayed leaf senescence and faster expansion of
new leaves (Meyer, 1998). This could minimize within-season variations in forage yield,
due to harvest intervals, from mixed stands dominated by IG provided other growth
supporting conditions remain favorable.
Yields of IG plants from second year plots (Y207 and Y208) recorded in 2008
and 2009, respectively, were also compared (Table 2.11, right). For 30-d treatment, IG
plants (Table 2.11, right, uppercase letters) had greater yield (88 g plant-1) in Y207 than
(P <0.04) in Y208 (36 g plant-1). For the other treatments, IG yield differences were only
numerical. There were no treatment differences in yield of IG in Y207 and Y208 plots.
Yield assessments were also conducted on LB plants in the same plots. Within
treatment, yield differences between Y109 and Y108 (year effect) were only observed for
the 30-d interval (Table 2.12 left, uppercase letters). However, LB yields were
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numerically greater in Y108 than Y109 plots for all other treatments, except the 120-d.
The noted inconsistent yield due to year could be attributable to differences in species
composition. Relative proportions of LB in the study plots were very small and the
monitored LB plants were surrounded by different species, exerting variable competition
for space and resources. Within year, there were no treatment differences in cumulative
yield per LB plant (Table 2.12, left within column). However, during the 2008 harvest
year (Y108 plots), yields per plant were numerically greater for shorter harvest intervals.
With longer harvest intervals, regrowth of LB could be negatively impacted by
competition from taller growing plants in the sward. Yields per plant for LB in Y108
plots ranged from 16 (120-d) to 44 g (30-d) and from 11 (90-d) to 25 g (120-d) for the
Y109 plots.
Yield of LB plant was also compared among second year plots (Y207 and Y208)
for year and treatment effect (Table 2.12, right, uppercase letters). Within treatment,
yield-differences were observed for the 30-, 40-, and 60-d intervals (P <0.01). For these
treatments, plants in Y207 plots yielded more than their counterparts in Y208 by 75%
(30-d), 73% (40-d) and 79% (60-d). Treatment differences were not noted for LB among
the second year (Y207 and Y208) plots (Table 2.12, right, columns). From the Y207
plots, yields ranged from 10 (120-d) to 38 g (30-d) and from 5 (30-d) to 9 g (60-d) in the
Y208 plots.
Information on how growth of IG and LB plants in mixed stands may respond to
harvest intervals and harvest duration is useful for developing sustainable haying
strategies. In the current study, cumulative yield per plant were compared between first
and second year plots, within treatment, for each year (Table 2.13). In 2008, cumulative
yields per plant for IG (Table 2.13, left) showed no difference due to harvest duration.
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However, these yields were numerically greater from the first than second year plots by
16 (30-d) to 56% (60-d). These numerically greater yields from first than second year
plots could be a negative effect of previous defoliation on performance of IG in the
current year. Defoliation is known to impose negative effects on individual plant growth
(Ferraro and Oesterheld, 2002). For BB, Archer (1984) found that severe defoliation
resulted with reduced tiller leaf biomass and eventually tiller mortality. Insufficient
precipitation has also been found to reduce yield and morphological development of LB
(Mullahey et al. (1990). These reductions in performance due to previous defoliation
reflect changes in partitioning of carbohydrates in defoliated plants that favor shoot
growth while limiting root growth (Crider, 1955; Briske, 1991). This could partly
account for the observed greater yields per IG plant in first year plots compared to those
in second year plots. Mean comparison for cumulative yield of IG was also made in
2009. In this harvest year, (Table 2.13, right), yields were numerically greater for plants
in the first (Y109) than second (Y208) year plots. As in 2008, yield differences due to
harvest-duration were inconsistent and not observed for the 30- (54%) and 120-d (65%)
harvest intervals.
Effect of duration of harvest on current year yield was also assessed for LB. In
the 2008 harvest year, cumulative yield per plant for LB in first (Y108) and second
(Y207) year plots (Table 2.14, left) showed no difference due to treatment or harvest
duration. In 2009, yield differences between first (Y109) and second year (Y208) plots
(Table 2.14, right), were only observed within the 60- and 120-d treatments (77%). As
for IG, however, LB yields per plant from first year plots were numerically greater than
those from their paired second year plots. It should be noted that LB showed more
percentage yield reduction due to harvest duration, suggesting they might not survive
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intensive harvesting. Other workers (Mullahey et al., 1990) have also noted inability of
LB to persist under multiple defoliations in a growing season. In rootational harvesting,
however, LB may recover during the rest year enough to maintain its proportion in mixed
stands.
In mixed stands, effects of harvest interval on stand health can also be assessed
based on post-season regrowth of the key species in spring. May yields of IG plants in
first and second year plots recorded in 2008 and 2009 harvest years were compared
within treatment (Table 2.15). In 2008, differences in post-season yield of IG plants due
to harvest duration were only observed for the 30- (P <0.001) and 60-d (P <0.04)
treatments, being greater in Y108 than in Y207 (Table 2.15, left, uppercase letters). For
all other treatments, however, yields were still numerically greater from Y108 than Y207
by about 50%. Although yield differences between first (Y108) and second (Y207) year
plots in 2008 for the other treatments were not observed at α=0.05, at α=0.10 the first
year plots would out yielding the second year ones in every case. Such differences would
reflect on effects of the previous harvest on the current early-season plant vigor. That
would agree with reported findings on Urochloa mosambicensis where mechanical
defoliation reduced plant vigor and DM yield in subsequent years (Ive, 1974).
Within harvest duration, harvest intervals IG showed no yield differences in both
Y108 and Y207 (Table 2.15, left columns). Yield per plant for IG in Y108 plots ranged
from 185 g for the 30- to 250 g for the 40-d harvest interval. From the corresponding
Y207 plots, yields ranged from 93 g to 117 g per plant for the 90- and 120-d harvest
regimes, respectively. Lack of yield difference due to harvest intervals here suggested
that, recovery growth in spring was long enough for plants to mask differences due to
previous defoliation. Because harvesting in the study area started in the second half of
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May, while spring growth usually starts in late Mar to early Apr, plants grew undisturbed
for about 45 days. It is likely that plants under shorter harvest intervals grew faster than
their counterparts at longer intervals thus compensating for their greater tissue damage
and thus eliminate differences due to previous defoliation. Similar effects of long
recovery periods on regrowth of defoliated perennial grasses have been demonstrated
under controlled temperature and photoperiod regime (Oesterheld, 1992). It was reported
that beyond 42 day of recovery growth, perennial grasses showed no difference in basic
allometric relations (root:shoot and LA/weight ratios) attributable to previous defoliation
intensity. However, this does not imply that defoliated plants will fully recover if just
allowed long rest periods. Rather, it implies that stand recovery in a growing season is
more influenced by current growing conditions than intensity of previous defoliation.
In the second analysis of post-season recovery growth of IG, effects of harvest
duration were observed for each treatment (Table 2.15, right, uppercase letters). Yields
of IG per plant, in 2009, were greater from all first (Y109) year plots than their paired
second (Y208) year plots by 79 to 91% (P <0.01). These differences indicated negative
effects of previous defoliation on recovery (post-season) plant vigor. Mechanical
defoliation in one season has also been found to reduce plant vigor and DM yield of
Urochloa mosambicensis in subsequent years (Ive, 1974). This calls for management
attention to species dynamics in mixed stands of native grass in response to haying
operations. If ignored, a 90% yield depression is large enough to cause changes in
species composition and reduce yield for IG (the dominant species). Anticipated summer
forage increase will be compromised and farmers disappointed. Continued harvesting is
likely to make the stand more susceptible to invasion by undesirable species necessitating
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even more costly improvement measures. Rotational harvesting in one harvest and two
rest-year cycles may be a workable alternative.
Effects of year and harvest duration on post-season recovery growth were also
assessed on LB. In 2008, comparison of post-season yields (mid-May) within treatment,
for LB plants showed greater yields from Y108 than Y207 plots, except for the 40- and
120-d treatments (Table 2.16, left, uppercase letters). The noted similarity in yield
differences, within treatment, to those observed for IG supported the assertion that
previous defoliation affected post-season recovery negatively. Where noted, previous
defoliation led to less LB yields by >50%. In grazed mixed stands, this may encourage
replacement of LB by other species (Anderson and Briske, 1995) some of which may be
undesirable. Management will, therefore, need to pay attention to potential invaders and
intervene timely to reduce their competition to LB and other desirables.
Effects of previous harvest intervals on post-season recovery growth of LB were
also assessed on the 2008 data. In this assessment, post-season recovery yield of LB,
within harvest duration, showed no differences due to previous harvest interval (Table
2.16, left, lowercase letters). This illustrated that recovery growth, for LB, was also more
affected by growing conditions in the rest period than actual intensity of previous
defoliation. Since spring-growth of LB, like most perennial bunch grasses, starts with
emergence of new tillers (Manske, 1999), differences due to previous defoliation
disappear once new tillers develop their root systems. Before this stage, growth of new
tillers will be influenced by available nutrient reserves in the crown, which will be
influenced by the previous defoliation intensity. However, when enough time is allowed
for plants to restore their root systems, compensatory growth mechanisms will enable
recovering plants to mask differences due to severity of previous defoliation.
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Differences in post-season stand recovery were also observed in the 2009 harvest
season when May yields per plant for LB of Y109 plots were compared with their paired
Y208 plots (Table 2.16, right). Effect of harvest duration on post-season yield of LB was
observed (Table 2.16, right, uppercase letters). Yields were greater from Y109 plots than
their Y208 counterparts. Yields from Y109 plots ranged from 52 g ufor the 120-d
treatment to 66 g for the 30-d treatment. From the second year plots, yields ranged from
2 (60-d,) to 4 g for the 30-d treatment. Within treatment, LB yields per plant, were
greater from all Y109 than their paired Y208 plots (P <0.03) by 93 (90-d) to 97% (60-d).
Greater differences due to harvest duration in 2009 than in 2008 were attributable to the
noted year differences in climatic factors, rainfall (Fig. 2.4) and temperature (Fig. 2.5).
Managers would, therefore, need to adjust harvesting strategies to avoid overstressing
previously harvested plants following a year with uneven rainfall distribution. Other
inverstigators (Mullahey et al., 1990) have also reported reductions of LB yields in the
second consecutive harvest year leading to the conclusion that, LB may not survive
multiple defoliations. Similarly, Vinton and Hartnett (1992) observed reduced relative
growth rate, tiller biomass, and survival of BB in a clipping experiment. In such stands,
plants will need longer recovery periods before they can be harvested again.
Furthermore, managers will also need to monitor key species response to the defoliation
and intervene as necessary to prevent their replacement by undesirables.
To asses yield sustainability for IG and LB in mixed stands, for the harvest
intervals, a “three-year” comparison of May yields in 2009 was made (Table 2.17, left).
This involved plants in their first (Y109), second (Y208) and third (Y307) harvest years.
In 2010, there being no new plots added to the study, this comparison was only possible
between plants in second (Y209) and third year (Y308) plots (Table 2.17, right). This
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was intended to determine effects of harvest duration on species post-season recovery
growth in spring. This has implication on habitat quality for grassland fauna including
quality of early-season nesting cover for northern bobwhite. In 2009, (Table 2.17, left,
uppercase letters) yields per IG plant from first year (Y109) plots ranged from 70 (40-d)
to 115 g (30-d) and in every case (treatment) were greater than their corresponding
second (Y208) and third (Y307) year plots (P <0.004). Greater yields for plants in first
harvest year plots than all previously harvested plants clearly demonstrated the negative
effects of previous defoliation on subsequent plant growth. Prolonged defoliation usually
causes loss of plant vigor in subsequent years due to carbohydrate depletion (Crider,
1955). This was found to result in reduced rhizome weight, fewer new rhizomes, rapid
death of old rhizomes and eventually plant death. Others (Owensby et al., 1974)
observed greater reduction of tiller density and herbage yield by BB due to previous
season‟s defoliation intensity.
When post-season recovery yield of IG from second (Y208) and third (Y307) year
plots were compared, differences due to duration of harvest, within treatment, were not
observed (Table 2.17, left, uppercase letters). Yields from the Y208 plots ranged from 9
(120-d) to 22 g (60-d) while from the Y307, they ranged from 15 (90-d) to 28 g (60-d).
Similarly, in 2010, (Table 2.17, right) yields per plant of IG in Y209 plots, which ranged
from 13 (30-d) to 23 g (60-d), did not differ from their Y308 counterparts. Yields from
the Y308 plots ranged from 13 (30-d) to 21 g (40-d). Lack of yield difference among
plants in the second and third May harvest indicated that defoliated plants employed
compensatory mechanisms successfully. Such mechanisms usually enable plants to
adjust post-defoliation growth rates to restore their photosynthetic ability quickly and
prevent further decline of plant vigor (Oesterheld, 1992; Trumble et al., 1993).
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In the same year, similar “three-year” assessment of yield sustainability for LB,
(Table 2.18) post-season May yields per LB plant in 2009 and 2010 were compared
between harvest durations, within treatment. In 2009, post-season yield of LB showed no
treatment difference for all harvest durations (Table 2.18, left, lowercase letters), a
similar response to that of IG. Yields from Y109 plots, ranged from 52 (90-d) to 66 g
(30-d) and decreased dramatically to between 2 (60-d) and 4 g (30-d) from Y208 plots.
For the Y307 plots, May yields ranged from 2 (30-d) to 4 g (40-d). However, within
treatment, yields per plant in all first-year plots (Y109) were greater (P <0.01) than the
second- and third-year plots (Table 2.18 left, uppercase letters). As in the 2009 harvest
year, yield between second- and third-year plots, in 2010 harvest year, were not different
(Table 2.18, right uppercase letters). May LB yields ranged from 2 (40-d) to 4 g (90-d) in
the Y209 plots and from 2 (90-d) to 4 g (120-d) in the Y308 plots. Observed superiority
of first year plots over second- and third-year plots in spring yield were in line with
earlier reports (Turner et al., 1993) regarding effects of history of defoliation on
compensatory growth. These findings suggested that, after one or two consecutive
harvest years, recovery of IG and LB plants in mixed stands was less influenced by
previous intensity of defoliation (Turner et al., 1993). Under continuous harvesting, the
proportion of LB in the stand may decline thus losing merits of stand diversity. This also
has implications on habitat quality for grassland fauna dependent on stand structural
heterogeneity. Presence of LB in the stand usually improves light access to lower
growing species including herbaceous forbs which may not do well in a homogenous tall
stand. These results have implications on both forage production and habitat quality for
ground-nesting birds. Farmers should expect a more than 50% drop in forage yield from
mixed stands dominated by LB or IG after the fist harvest year. To ensure sustained
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forage production, farmers will have to establish a rotational harvest system allowing for
at least one-year recovery period following two complete harvest years.
Species morphological assessment
Leafiness of plant material is a common indicator of forage nutritive value for
ruminants. In grasses, this is often assessed on leaf:stem ratio (LSR), based on weight. It
can also be assessed based on their specific leaf area (SLA), which is negatively
correlated with leaf-fiber content and positively correlated with digestibility (Lin et al.,
2001; Al Haj Khaled et al., 2006). In the current study, comparison of forage quality by
harvest dates, within harvest-regimes, gave inconsistent results in LSR and SLA for both
IG and LB in 2008 and 2009 harvest years (Appendix Tables 2.19 and 2.20). Differences
in LSR or SLA, due to harvest dates, within treatment, were very rare and where noted,
differences in 2008 and 2009 followed different patterns. Therefore, harvest interval and
harvest duration effects on species nutritive value were compared based on season
averages of LSR and SLA pooled across harvest dates, Table 2.19 (IG) and Table 2.20
(LB). Leaf:stem ratio is usually positively correlated with CP content and digestibility.
At maturity, plants translocate carbohydrates from leaves to crown and roots and even
some leaf pieces do break off, thus reducing their leaf:stem ratio. Additionally,
sustainability of forage quality, for IG and LB, was assessed by comparing tiller LSR and
SLA between first and second year plots within-treatment.
For IG, differences in LSR due to harvest intervals and harvest duration were not
observed in 2008, but were in 2009 (Table 2.19, left). Lack of differences in 2008 was
likely an effect of the uniform rainfall distribution that allowed compensatory mechanism
to override effects of defoliation. This, likely made plants in most treatments behave as
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they would for less defoliation intensity; reduced LSR implying more leafiness (Garay et
al., 1999). During the 2009 year, treatment differences in LSR were only among the
second year (Y208) plots, with greatest value for the 30-d (2) interval. For this treatment,
LSR was greater (P <0.001) than for the 120-d (0.8) and the control (0.4), but not
different from the 40-, 60-, or 90-d intervals. This was so because at shorter harvest
intervals, relatively more plants would be sampled at their vegetative growth stage where
regrowth is usually more of leaf blade elongation and expansion, but less of stem and leaf
sheath (Briske, 1991; Hannaway et al., 2000). Leaf shuttering and translocation of
assimilates to the crown would be another reason for decreased LSR values for the 90and 120-d treatments (Briske, 1991). Within harvest regimes, LSR was mostly greater
from Y208 than Y109 plots except for the 120-d and control plots where leaf shuttering
and weight loss after senescence made treatment differences less detectable. Superiority
of second year plants over their first year counterparts in LSR was somewhat expected.
As observed earlier (Sbrissia et al., 2003), defoliation often induces increased production
of thinner tillers, which tend to contribute less stem proportion; Mostly vegetative tillers.
This implies that within treatment, IG plants in plots harvested in the preceding year
made more nutritious forage than their counterparts in the first year plots. This was so
because leaves are usually richer in CP, soluble carbohydrates and more digestible than
stems (Beaty and Engel, 1980; Griffin and Jung, 1983). These LSR values were in a
trend similar to that of CP content (Table 2.5) although the 60-d treatment had same LSR
to the 30- and 40-d. The noted disagreement for the 60-d treatment was likely due to the
fact that plants were mostly sampled at the transition phase, characterized by elongation
of leaf sheath and cell-wall lignification before stem jointing (Briske, 1991; Hannaway et
al., 2000). Such material would, therefore, have greater leafiness, but less CP content and
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digestibility values. This implies that, in using leafiness as a forage quality indicator,
framers need also to consider coarseness of the material to differentiate between greatly
and less lignified leafy biomass.
From assessment of the associated SLA data for IG recorded in 2008 and 2009
(Table 2.19, right), greater values (P <0.001) were obtained for shorter harvest intervals.
Trends in SLA were clearer in 2009 with the greatest value from first year (Y109) plots
for the 30-d (567 cm-2 g-1), followed by the 40- (403 cm-2 g-1), 60- (227 cm-2 g-1), and 90-d
(108 cm-2 g-1) treatment. Mean SLA for the 90-d was also not different from the 120-d or
the control. There were no differences due to harvest duration except for the 30-d in
2009 only. Greater SLA for shorter harvest interval also reflects the major morphological
changes involved; more of leaf blade expansion and less of leaf thickness (Briske, 1991).
These results, which meant forage quality was greater for the 30- and 40-d treatments,
supported their corresponding second harvest CP values (Table 2.5), IVDMD (Table 2.9),
and also NDFD (Table 2.10) in 2009. As noted earlier, trends in these parameters were
not consistent, so comparison with the 2008 data would be misleading. This suggests that
farmers may improve hay quality from IG dominated stands by aiming at harvesting
when the material is most leafy, but before IG leaves get too coarse (lignified).
Assessments of species nutritive value response, based on morphological changes,
were also conducted for LB with the 2008 and 2009 data (Table 2.20, left). Similar
trends to those of IG were observed. Except for the 40-d treatment, in 2008, and the 60and 90-d treatments, in 2009, harvest duration had no effect on mean LSR for LB.
Within harvest duration, treatment effects on mean LSR values, in 2008, were not
observed, but were in 2009. Except for the 90-d treatment, in 2009, plants harvested
twice or more after May in 2009 had greater LSR values (P <0.001) compared to those
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harvested only once and the control. From Y109, the greatest value was for the 30-d
(1.4) which was greater than the 90- (0.8), 120-d (0.6) and the control (0.4), but not
different from the 40- or 60-d harvest intervals. In the Y208, the greatest value (1.5) for
the 30- and 60-d treatments only differed from the 120-d and the control. Although these
LSR values decreased with lengthening of harvest intervals, similar to the corresponding
CP values (Table 2.5), treatment differences were not closely matching. Similarly, the
trend in LSR values also resembled those of IVDMD and NDFD but a bit different for
treatments. While, the 30- and 90-d treatments differed by CP and digestibility values,
they did not by the LSR. This disagreement was likely due to LB not being a major
contributor to the whole plot yield and that samples for lab analyses were mixtures of
grasses and forbs which could not reflect well on morphological components of LB
alone. For mixed NWSG stands, therefore, farmers will need to take several aspects of
forage quality into consideration when making decisions on appropriate harvest intervals.
Mean comparison was also conducted on SLA data recorded in 2008 and 2009 for
LB (Table 2.20, right). Shorter harvest intervals resulted in greater SLA values for LB
(Table 2.20, right) which decreased as the harvest interval increased. While harvest
duration in 2008 had no effect on mean SLA for all treatments, it did for the 30-d
treatment in 2009. For this treatment, mean SLA was greater in the Y109 plot than the
Y208. Year differences in climatic factors mainly rainfall (Fig. 2.4) and temperature
(Fig. 2.5) likely supported faster increase in leaf weight in 2008, thus reducing the
area:weight ratio (LAR). In 2009 where rainfall distribution was irregular, rate of gain in
leaf weight was slower which reflected in greater LAR. Yet, within harvest duration,
mean SLA for LB plants in Y109 were greatest for the 30-d (732 cm-2 g-1) and similar to
the 40- (475 cm-2 g-1), but greater than the 60- (284 cm-2 g-1), and the 90-d (131 cm-2 g-1)
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interval. However, there were no differences between SLA at the 90-d (131 cm-2 g-1) and
the 120- (119 cm-2 g-1), or the control (118 cm-2 g-1) observed. In the Y208 plots, mean
SLA was greatest (674 cm-2 g-1) for the 30-d treatment and decreased as in Y109. As for
the IG values (Table 2.19), observed SLA values for LB were in the same trend as the
corresponding CP (Table 2.5) and digestibility values (Tables 2.9 and 2.10). This is not
surprising since greater SLA was expected for leaves harvested at vegetative growth
phase, where growth is usually more of leaf blade elongation and expansion than stem
elongation (Briske, 1991). At longer harvest intervals, however, plants were harvested
after transition to reproductive phase which involves more growth on stem accompanied
by cell-wall lignification (Briske, 1991; Hannaway et al., 2000). These results of SLA
for LB, therefore, support the assertion that farmers will most likely make quality hay
from mixed NWSG stands by harvesting timely to get the leafiest material, but before
leaves get too coarse. Maintainig 30- or 40-d harvest intervals will also achieve this.
Summary and conclusions
Mixed NWSG stands dominated by BB, IG, and LB have the potential to provide
summer forage production in Mississippi for rotational harvest systems. Their deep
rooting habit and subsequent drought tolerance allow production even in years with
uneven rainfall distribution. Cumulative (June-September) forage yield from the mixed
NWSG stands was greatest for the 30-d treatment and decreased with lengthening of
harvest interval. As expected, harvest duration did not affect cumulative forage yield in
2008, but did in 2009 due mainly to uneven rainfall distribution and prolonged hot
temperatures (June-August) in 2009. Harvest interval did not affect recovery mid-May
yields for any plot harvested for one or two successive years. However mid-May yields
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were less than the control plots by 52 to 78%. Within one- or two-year harvested plots,
yields were greater for the 30-d harvest interval and decreased as the intervals increased.
For both IG and LB, cumulative yield per plant in 2008 and 2009 from harvested
plots were not affected by harvest intervals. Year effect influenced yield for both species
reducing cumulative yields of IG by 32 and 50% and that of corresponding LB by 24 and
52% between first and second year plots in 2008 and 2009, respectively. Harvest interval
had no effect on mid-May recovery yield of IG or LB in the following year (assessment
of harvest regime impact). Within treatment, plant yields of previously harvested plots
were reduced by 51% in 2008 and 84% in 2009 for IG, while LB yields were greater by
14% in 2008, but less by 95% in 2009. As expected, tiller LSR for both IG and LB
increased with lengthening of harvest intervals while SLA decreased. This resulted in
greater proportion of less lignified leaves for the 30- and 40-d harvested material, which
is desirable forage quality.
Whole plot hay quality as measured by chemical composition and digestibility of
DM and NDF decreased with increasing harvest interval and across the course of the
growing season. There was no year or harvest duration effect for CP (7.4% at second
harvest of the 30-d treatment) content of whole plot harvest. Data indicated acceptable
quality hay was produced during the second and third harvests of the 30- and second
harvest of the 40-d treatment, after the first in mid-May. With lengthening of harvest
intervals and advance of the growing season, NDF and ADF content increased but were
not affected by year or harvest duration. The ADL values varied with no discernable
pattern. As expected, IVDMD and NDFD decreased with lengthening of harvest interval
and advance of the growing season. Dry matter digestibility values of the second and
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third harvests of the 30-d and second and third harvest of the 40-d treatments were above
the acceptable minimum of 55% for quality grass hay.
Over all, the unfertilized mixed NWSG stands of this study indicated that
harvesting at 30- or 40-d intervals may maximize whole plot forage yield in the first year,
but second year yield may be reduced by up to 43%. Ending the haying season by midJuly will optimize hay quality. Late season regrowth in August may be utilized by
strategic brief grazing to allow animals consume, selectively, the most nutritious material.
A two-year haying followed by full rest year rotational harvesting was recommended.
More studies on effect of different patterns of haying and fallow within the same harvest
season as well as effects of other management practices including spring-burning and
fertilizer application are also needed.
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3760b

5115b

6325ab A

8472a A

90 (2)

60 (3)

40 (4)

30 (5)
0.3439

4219 B

3411 B

4030

4813

4270

kg ha-1 ________

Y109 (2009)

0.0286

0.0039

0.4051

0.1810

0.8825

Pr>Fα¶

0.0289

7627a A

5053ab

4161b

3110b

3433b

_________

Y208 (2009)

0.5678

2395 B

2823

2759

3495

2834

kg ha-1 ________

Y207 (2008)

Second harvest year

0.0025

0.0649

0.1485

0.5905

0.6917

Pr>Fα

§

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108, Y109, Y207 and Y208 are plots in their first and second harvest year, established in 2008, 2009 and 2007, respectively.
¶
Probability that, within treatment, mean yields, in the shown years differ significantly, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
In a year, means followed by different letters; lowercase within a column or uppercase within a row, differ significantly, α=0.05.

†

Pr>Fα

0.0282

4094b††

________

Y108§ (2008)

First harvest year

Effect of harvesting frequency and year on cumulative† annual whole plot yield after May harvest, from mixed native
grass stands‡, in their first or second harvest year, recorded in 2008 and 2009

120 (2)#

Frequency

Table 2.1

81

4094b††

3760b

5115b

90 (2)

60 (3)

_____

0.0289

7627a

5053ab

4161b

3111b

3433b

0.6700

0.2560

0.5236

0.4848

0.8356

Pr>Fα¶

0.7736

-844

-1272

-954

-649

-341

kg ha-1

-10

-20

-18

-17

-10

__

% __

Yield difference‡‟08

4030 A

0.3439

4219 A

3411

Y208

0.5678

2395 B

2823

2759 B

3495 B

2834

kg ha-1 ______

4813 A

4270

_____

Y109

Yield Jun-Sep‟09

0.0160

0.4452

0.0331

0.0186

0.1415

Pr>Fα

0.6414

-1824

-588

-1271

-1319

-1436

kg ha-1

% __

-43

-17

-31

-27

-33

__

Yield difference‟09

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Yield difference between Y1 and Y2 plots within a harvesting year.
§
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
¶
Probability that mean yields of Y1 and Y2 plots within treatment in the same harvesting year, differ significantly, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
In a year, means followed by different letters; lowercase within a column or uppercase within a row, differ significantly, α=0.05.

†

0.0282

8472a

30 (5)

Pr>Fα

6325ab

40 (4)

Y207

kg ha-1 ______

Y108§

Yield Jun-Sep‟08

Effect of harvesting frequency on cumulative June-Sep. whole plot yield after May harvest, difference between paired
first and second harvest year plots, and percentage yield difference of mixed native grass stands† harvested in 2008
and 2009

120 (2) #

Frequency

Table 2.2

82

5342 A

5284 A

4364 A

60 (3)

40 (4)

30 (5)
0.295

1800 B

1849 B
0.0015

0.0023

0.0001

0.0050

0.0609

Pr>Fα¶

0.509

-2564

-3435

-2802

-3135

-1783

kg ha-1
%

0.337

-59

-65

-52

-60

-39

Difference

Y208

0.106

809 B

1136 B

1107 B

1401 B

1330 B

kg ha-1 ____

0.707

3675 A

3481 A

3309 A

3315 A

4198 A

____

Y109

0.0001

0.0046

0.0002

0.0005

0.0062

Pr>Fα

kg ha-1

0.627

-2866

-2344

-2203

-1913

%

0.214

-78

-67

-66

-58

-68

Difference

-2867

Mid-May 2009

‡

Number of consecutive years a plot has been harvested.
Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
§
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively.
¶
Probability that yields from Y108 and Y109 plots harvested during the year in brackets differ significantly, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
In a year, means followed by different uppercase letters within a row, differ significantly, α = 0.05.

†

Pr>Fα

0.661

2049 B

5184 A††

90 (2)
2541 B

2813

kg ha-1 ____

Y207

4596

_____

Y108 §

Mid-May 2008

Effect of harvesting frequency and harvest-duration† on recovery whole plot yield recorded obtained in mid-May of
the succeeding year from mixed native grass stands‡ recorded in 2008 and 2009

120 (2)#

Frequency

Table 2.3

83

3315 A

3310 A

3480 A

3675 A

90 (2)

60 (3)

40 (4)

30 (5)
0.1059

809 B

1136 B

1107 B

1401 B

1330 B

0.4702

1754 B

1429 B

1339 B

1199 B

1807 B

0.0002

0.0015

0.0001

0.0001

0.0024

Pr>Fα¶

0.1302

1157

1362

1624

1839

1655

_____

Y209

0.3648

1040

1334

1295

1356

1598

kg ha-1 _____

Y308

0.6486

0.9268

0.2553

0.0720

0.8468

Pr>Fα

second and third year in 2010

‡

Number of consecutive years a plot has been harvested.
Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
§
Y109, Y208 and Y307 are plots in their first, second and third harvesting year established in 2009, 2008 and 2007, respectively.
¶
Probability that, mean plot yields, within a row, under the same harvest year differ significantly, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
In a year, means followed by different uppercase letters within a row, differ significantly, α=0.05.

†

Pr>Fα

Y307

kg ha-1 __________

Y208
____________

0.7071

4198 A††

Y109§

first, second and third year in 2009

Effect of harvest-duration† under a harvesting regime on stand recovery from previous year‟s last harvest and yield
sustainability based on whole plot yields from mixed native grass stands‡ recorded in mid-May of 2009 and 2010

120 (2) ¶

Frequency

Table 2.4

84

Table 2.5

Effect of cutting frequency and date on forage quality based on crude
protein (CP) concentration in dry matter after the first harvest (May) from
mixed native grass stands† pooled across two harvest years and two harvest
durations

Frequency

Pr>Pα§

Harvest events
Second

Third

_________________________

Fourth

Fifth

% _______________________

120 (2) ‡

4.2 E¶

90 (2)

4.4 DE

60 (3)

5.4 C

5.2 CD

40 (4)

6.9a# AB

6.4a B

5.2b CD

30 (5)

7.4a A

6.7ab AB

6.3b B

0.5457

†

0.0001
4.7c CDE

0.0001

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and
little bluestem (Schizachyrium scoparium).
‡
Days between successive harvests with number of harvests per season in brackets.
§
Probability that, means of CP content, within a row, differ significantly, α=0.05.
¶
Data pooled across treatments and harvest dates. Means followed by different upper
case letters differ significantly, α=0.05.
#
Within a row, means bearing different lower case letters differ significantly, α=0.05.

85

120 (2)¶

Frequency

Table 2.6

Third

67

67

0.0854

62b C

67a

66ab

68a

67a

67a
66a

% __________________

Fourth

0.0276

0.0158

0.0021

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Combined data from plots harvested for the first or second time in the year.
§
Probability that, in the same year, means within a row differ significantly, α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets
#
Means followed by different letters within a column differ significantly, α=0.05.
††
In the same year, means followed by different letters within a row differ significantly, α=0.05.

†

67

63b BC

69 A

0.3266

30 (5)

63

66 BC

40 (4)

65

64b BC

0.0194

68a†† AB

60 (3)

71 A

Third

Fifth

NDF in 2009
Harvest event

____________________

Second

66 B
65b

Fifth

% __________________

Fourth

Pr>Pα§

65 C

67 ABC#

____________________

Second

Harvest event

NDF in 2008

Effect of cutting frequency on forage quality based on neutral detergent fiber (NDF) content in the dry matter at each
harvest event, after the first (May) from mixed native grass stands† in 2008 and 2009 harvest years pooled over two
harvest durations‡

90 (2)

86

36

36

90 (2)

35

38

40 (4)

30 (5)

36

35

36

Fifth

38

35
37

% __________________

Fourth

0.1331

0.9024

0.4118

Pr>Pα§

40 A#

34b BC

33c C

34b†† BC

36 B

Third

37a

35b

37a

____________________

Second

Fifth

33b

37a
38a

% __________________

Fourth

Harvest event

ADF in 2009

0.0052

0.0007

0.0004

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Combined data from plots harvested for the first or second time in the year.
§
Probability that, in the same year, means within a row differ significantly, α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets
#
Means followed by different letters within a column differ significantly, α=0.05.
††
In the same year, means followed by different letters within a row differ significantly, α=0.05.

†

37

60 (3)

Third

____________________

Second

Harvest event

ADF in 2008

Effect of cutting frequency on forage quality based on acid detergent fiber (ADF) content in the dry matter at each
harvest event, after the first (May) from mixed native grass stands† in 2008 and 2009 harvest years pooled over two
harvest durations‡

120 (2)¶

Frequency

Table 2.7

87

5.1 AB

3.7b C

4.2c BC

40 (4)

30 (5)

5.3 A

90 (2)

60 (3)

5.4 A#

4.8bc

4.1b

5.8

Fifth

5.3b

5.5a
6.7a

% __________________

Fourth

0.0002

0.0001

0.1943

Pr>Pα§
Third

4.6 AB

4.3a BC

3.7 C

4.7 AB

5.2 A††

4.4

3.1b

4.3

____________________

Second

Fifth

4.4

4.6a
4.5

% __________________

Fourth

Harvest event

ADL in 2009

0.9351

0.0001

0.1406

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Combined data from plots harvested for the first or second time in the year.
§
Probability that, in the same year, means within a row differ significantly, α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets
#
Means followed by different letters within a column differ significantly, α=0.05.
††
In the same year, means followed by different letters within a row differ significantly, α=0.05.

†

Third

_____________________

Second

Harvest event

ADL in 2008

Effect of cutting frequency on forage quality based on acid detergent lignin (ADL) content in the dry matter at each
harvest event, after the first (May) from mixed native grass stands† in 2008 and 2009 harvest years pooled over two
harvest durations‡

120 (2)¶

Frequency

Table 2.8

88

47

46

49

44

90 (2)

60 (3)

40 (4)

30 (5)

44

51

48

Fifth

43

47
43

% __________________

Fourth

0.8751

0.2624

0.4833

Pr>Pα§
Third

63a AB

65a A

58a†† BC

53 C

45 D#

54b

57b

49b

____________________

Second

Fifth

64a

48c
50b

% __________________

Fourth

Harvest event

DM digestibility in 2009

0.0001

0.0001

0.0007

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Combined data from plots harvested for the first or second time in the year.
§
Probability that, in the same year, means within a row differ significantly, α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets
#
Means followed by different letters within a column differ significantly, α=0.05.
††
In the same year, means followed by different letters within a row differ significantly, α=0.05.

†

42

Third

____________________

Second

Harvest event

DM digestibility in 2008

Effect of cutting frequency on in vitro digestibility of dry matter (DM) at each harvest event, after the first (May) from
mixed native grass stands† in 2008 and 2009 harvest years pooled over two harvest durations‡

120 (2)¶

Frequency

Table 2.9

89

56 C#

60 BC

62 AB

67a A

62 AB

90 (2)

60 (3)

40 (4)

30 (5)

62

65ab

62

Fifth

59

61c
57

% __________________

Fourth

0.1159

0.0259

0.9340

Pr>Pα§

72a AB

74a A

68a†† BC

65 C

55 D

Third

65b

67b

60b

____________________

Second

Fifth

74a

59c
60b

% __________________

Fourth

Harvest event

NDF digestibility in 2009

0.0001

0.0001

0.0015

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Combined data from plots harvested for the first or second time in the year.
§
Probability that, in the same year, means within a row differ significantly, α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets
#
Means followed by different letters within a column differ significantly, α=0.05.
††
In the same year, means followed by different letters within a row differ significantly, α=0.05.

†

Third

____________________

Second

Harvest event

NDF digestibility in 2008

Effect of cutting frequency on in vitro digestibility of neutral detergent fiber (NDF) at each harvest event, after the
first (May) from mixed native grass stands† in 2008 and 2009 harvest years pooled over two harvest durations‡

120 (2)¶

Frequency

Table 2.10

90

87

167

108

105

90 (2)

60 (3)

40 (4)

30 (5)
0.7342

78

70

99

105

111

0.2980

0.1714

0.1697

0.7060

0.8417

Pr>Fα§

0.1353

-27.8

-37.7

-68.2

17.3

6.3

g plant-1

-26

-35

-41

20

6.0

%

Yield difference¶

0.6343

36 B

88 A††
0.9377

47

58

50

39

g plant-1 ____

Y208

76

73

69

62

____

Y207

0.0321

0.1376

0.4233

0.5632

0.4743

Pr>Fα

0.7996

-53

-29

-15

-19

-23

-60

-76

-20

-27

-37

%

Yield difference
g plant-1

Second year plots

‡

Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108 and Y208 are plots established in 2008 in first and second harvesting year, respectively, harvested in the year in brackets.
§
Probability that, in the same year, means within a row differ significantly, α=0.05.
¶
Yield difference between Y1 and Y2 plots within a harvesting year.
#
Days between successive harvests with number of harvests per season in brackets.
††
In first or second year group, means followed by different uppercase letters within a row, differ significantly, α=0.05.

†

Pr>Fα

Y109

g plant-1 ____

0.2302

105

____

Y108‡

First year plots

Effect of cutting frequency and year on cumulative (June-Sep.) annual yields of indiangrass (Sorghastrum nutans)
plants in mixed native grass stands† at their first and second harvest year recorded in 2008 and 2009

120 (2) #

Frequency

Table 2.11

91

21

17

28

44 A

0.0605

90 (2)

60 (3)

40 (4)

30 (5)

Pr>Fα

0.4516

12 B

18

21

11

25

0.0123

0.3203

0.5725

0.3126

0.3764

Pr>Fα§

0.0682

-31

-10

4

-11

9

g plant-1

-72

-36

25

-49

56

__

% __

Yield difference¶

0.1361

38 A

0.6841

9B

9B

5B

23 A††
33 A

7

6

g plant-1 _____

Y208

10

37

______

Y207

0.0021

0.0047

0.0088

0.4694

0.0958

Pr>Fα

0.2430

29

24

18

3

31

75

73

79

29

84

__

% __

Yield difference
g plant-1

Second year plots

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem.
Y108 and Y208 are plots established in 2008 in first and second harvesting year, respectively, harvested in the year in brackets.
§
Probability that, under the same category, mean plot yields in successive harvest years differ significantly, α=0.05.
¶
Yield difference between Y1 and Y2 plots within a harvest year.
#
Days between successive harvests with number of harvests per season in brackets.
††
In first or second year group, means followed by different uppercase letters within a row, differ significantly, α = 0.05.

†

Y109

g plant-1 ______

16

______

Y108‡

First year plots

Effect of cutting frequency and year on cumulative (June-Sep.) annual yields of little bluestem (Schizachyrium
scoparium) plants in mixed native grass stands† at their first and second harvest year recorded in 2008 and 2009

120 (2) #

Frequency

Table 2.12

92

87

167

108

105

90 (2)

60 (3)

40 (4)

30 (5)
0.9377

88

76

73

69

62

0.5511

0.2262

0.0512

0.5707

0.2955

Pr>Fα¶

0.4302

17

32

94

18

43

g plant-1

% __

16

29

56

21

40

__

Yield difference‡‟08

0.7342

78 A

70

99

105

Y208

0.6343

36 B

47

58

50

39 B

g plant-1 ______

111 A††

_____

Y109

Yield Jun-Sep‟09

0.0402

0.2529

0.157

0.256

0.0091

Pr>Fα

0.7793

42

33

41

54

72

g plant-1

% __

54

38

41

52

65

__

Yield difference‟09

‡

Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Yield difference between Y1 and Y2 plots within a harvesting year.
§
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
¶
Probability that Y1 and Y2 plot yields in the same harvesting year are significantly different, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
Under „08 or „09, means followed by different uppercase letters within a row, differ significantly, α=0.05.

†

Pr>Fα

Y207

g plant-1 ______

0.2302

105

_____

Y108§

Yield Jun-Sep‟08

Effect of cutting frequency and harvest-duration on cumulative (June-Sep.) annual yields of indiangrass (Sorghastrum
nutans) plants in mixed native grass stands† at their first and second harvest year recorded in 2008 and 2009

120 (2) #

Frequency

Table 2.13

93

21

17

28

44

0.0605

90 (2)

60 (3)

40 (4)

30 (5)

Pr>Fα

0.1361

38

33

23

10

37

0.6429

0.3725

0.3030

0.2786

0.2754

Pr>Fα¶

0.0802

05

-05

-06

11

-20

g plant-1

-12

20

38

-54

126

__

% __

Yield difference‡‟08

0.4516

12

18

21 A

11

Y208

0.6841

9

9

5B

7

6B

g plant-1 ______

25 A††

_____

Y109

Yield Jun-Sep‟09

0.4770

0.4013

0.0467

0.3198

0.0298

Pr>Fα

0.2195

03

09

16

04

19

g plant-1

% __

23

49

77

35

77

__

Yield difference‟09

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem.
Yield difference between Y1 and Y2 plots within a harvesting year.
§
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
¶
Probability that Y1 and Y2 plot yields in the same harvesting year are significantly different, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
Under „08 or „09, means followed by different uppercase letters within a row, differ significantly, α = 0.05.

†

Y207

g plant-1 ______

16

_____

Y108§

Yield Jun-Sep‟08

Effect of cutting frequency and harvest-duration on cumulative (June-Sep.) annual yields of little bluestem
(Schizachyrium scoparium) plants in mixed native grass stands† at their first and second harvest year in 2008 and 2009

120 (2) #

Frequency

Table 2.14

94

209

212 A

250

185 A

90 (2)

60 (3)

40 (4)

30 (5)
0.862

94 B

115

111 B

93

117

0.0074

0.0727

0.0380

0.0779

0.0527

Pr>Fα¶

0.9473

091

135

101

116

118

g plant-1

% __

49

54

48

55

50

__

Yield difference‡‟08

0.3212

115 A

70 A

108 A

79 A

Y208

0.1662

10 B

12 B

22 B

16 B

9B

g plant-1 ______

92 A††

_____

Y109

May 2009

0.0007

0.0072

0.0001

0.0011

0.0097

Pr>Fα

0.3622

106

58

86

63

83

g plant-1

91

83

79

79

90

__

% __

Yield difference‟09

‡

Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Yield difference between Y1 and Y2 plots within a harvesting year.
§
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
¶
Probability that Y1 and Y2 plot yields in the same harvesting year are significantly different, α=0.05.
††
Under 2008 or 2009, means followed by different uppercase letters within a row, differ significantly, α = 0.05.

†

Pr>Fα

Y207

g plant-1 ______

0.874

235

_____

Y108§

May 2008

Effect of cutting frequency and harvest-duration on recovery of indiangrass (Sorghastrum nutans) plants harvested in
mid-May of the succeeding year from mixed native grass stands† recorded in 2008 and 2009

120 (2) #

Frequency

Table 2.15

95

123

149 A

40 (4)

30 (5)
0.1775

87 B

89

78 B

68 B

118

0.0402

0.0800

0.0088

0.0004

0.3994

Pr>Fα¶

0.0022

61.4

33.6

45.0

69.4

-21.6

g plant-1

% __

41

27

36

50

-225

__

Yield difference‡‟08
Y208

0.7549

4B

3B

2B

4B

2B

g plant-1 ______

0.9731

66 A

63 A

62 A

52 A

52 A

_____

Y109

May 2009

0.0194

0.0105

0.0231

0.0221

0.0208

Pr>Fα

0.9717

62

60

60

48

50

g plant-1

94

95

97

93

96

__

% __

Yield difference‟09

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem.
Yield difference between Y1 and Y2 plots within a harvesting year.
§
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
¶
Probability that Y1 and Y2 plot yields in the same harvesting year are significantly different, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
Under 2008 or 2009, means followed by different uppercase letters within a row, differ significantly, α = 0.05.

†

123 A

60 (3)

Y207

g plant-1 ______

0.0871

137 A

90 (2)

Pr>Fα

96

_____

Y108§

May 2008

Effect of cutting frequency and harvest-duration on recovery of little bluestem (Schizachyrium scoparium) plants
harvested in mid-May of the succeeding year in mixed native grass stands† recorded in 2008 and 2009

120 (2) #

Frequency

Table 2.16

96

108a A

70a A

115a A

60 (3)

40 (4)

30 (5)
0.1662

10b B

12b B

22b B

16b B

9b B

0.4134

18b B

20b B

28b B

15b B

23b B

0.0001

0.0024

0.0001

0.0001

0.0037

Pr>Fα¶
______

0.1752

13

13

23

16

21

Y209

0.6179

13

21

19

19

18

g plant-1 _______

Y308

0.8794

0.0509

0.4441

0.4470

0.6407

Pr>Fα

second Vs third year plots in 2010

‡

Number of consecutive years a plot has been harvested.
Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
§
For each plot, the first digit indicates first, second or third harvest year and the last two digists indicate the year established.
¶
Probability that, in the respective row or column, mean plot yields in the same harvest year are significantly different, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
In a year, means followed by different letters; lowercase within column or uppercase within row, differ significantly, α = 0.05.

†

Pr>Fα

0.3212

79a A

90 (2)

Y307

g plant-1 ____________

Y208
_____________

92a A††

Y109§

first, second and third year plots in 2009

Effect of harvest-duration† on recovery yield of indiangrass (Sorghastrum nutans) plants from last harvest event and
yield sustainability based on plant yields in mid-May of 2009 and 2010 in mixed native grass stands‡

120 (2) #

Frequency

Table 2.17

97

52a A††

52a A

62a A

90 (2)

60 (3)

Y109§

66a A

0.9731

30 (5)

Pr>Fα

0.7549

4b B

3b B

2b B

4b B

0.6752

2b B

4b B

3b B

4b B

4b B

0.0046

0.0022

0.0070

0.0063

0.0065

Pr>Fα¶
______

0.8056

2

2

2

4

3

Y209

0.7965

3

4

3

2

4

g plant-1 _______

Y308

0.2417

0.1411

0.5586

0.5895

0.8201

Pr>Fα

Second Vs third year in 2010

‡

Number of consecutive years a plot has been harvested.
Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
§
For each plot, the first digit indicates first, second or third harvest year and the last two digists indicate the year established.
¶
Probability that, in the respective row or column, mean plot yields for the same harvest year are significantly different, α=0.05.
#
Days between successive harvests with number of harvests per season in brackets.
††
In a year, means followed by different letters; lowercase within column or uppercase within row, differ significantly, α = 0.05.

†

63a A

40 (4)

Y307

g plant-1 ____________

2b B

_____________

Y208

First, second and third year in 2009

Effect of harvest duration† on recovery yield of little bluestem (Schizachyrium scoparium) plants from last harvest
event and yield sustainability based on plant yields recorded in mid-May of 2009 and 2010 in mixed native grass
stands‡

120 (2)#

Frequency

Table 2.18

98

1.6
1.8

120 (2)¶

90 (2)

Y108‡

2.1
1.8
0.5684

40 (4)

30 (5)

P>Fα#
0.1289

2.0

2.1

1.7

0.0003

1.3a B

1.4a B

1.5a

0.8b B

0.7b

0.4b§

Y109

0.0011

1.9a A

1.8a A

1.4ab

1.4ab A

0.8bc

0.4c

Y208

LSR in 2009

0.0001

152a

137b

112c

107c

109c

-

Y207

0.0001

154a

150a

117b

100b

102b

-

_______________________

Y108

SLA in 2008

Y208

0.0001

567a A

403b

227c

108d

101d

98d

0.0001

529a B

368b

243c

110d

110d

98d

cm-2 g-1 _____________________

Y109

SLA in 2009

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively.
§
Variable means followed by different letters; lowercase within column or uppercase within row, differ significantly, α = 0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Probability that, means in the respective column differ significantly, α=0.05.

†

1.7

60 (3)

1.3

1.9

-

Y207

LSR in 2008

Effect of cutting frequency and harvest-duration on mean leaf:stem ratio (LSR) and specific leaf area (SLA) of
indiangrass (Sorghastrum nutans) tillers from mixed native grass stands† at their first and second harvest year
recorded at each harvest after the first (May) in 2008 and 2009

Control

Frequency

Table 2.19

99

-

1.2

1.3

1.5

1.7 B

1.9

0.1395

120 (2)¶

90 (2)

60 (3)

40 (4)

30 (5)

P>Fα††

Y108‡

0.0001

1.4a

1.3a

1.2a B

0.8b B

0.0002

1.5a

1.2ab

1.5a A

1.2ab A

0.7bc

0.4c

0.4b§
0.6b

Y208

Y109

LSR in 2009

0.0001

162a

168a

162a

133b

132b

-

Y207

0.0003

194a

166ab

156bc

136c

134c

-

_______________________

Y108

SLA in 2008

Y208

0.0001

732a A

475ab

284c

131d

119d

118d

0.0001

674a B

470b

306c

156d

128d

118d

cm-2 g-1 _____________________

Y109

SLA in 2009

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem.
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
§
Variable means followed by different letters; lowercase within column or uppercase within row, differ significantly, α = 0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Probability that, means in the respective column differ significantly, α=0.05.

†

0.2111

2.3

1.9 A

1.6

2.1

1.0

-

Y207

LSR in 2008

Effect of cutting frequency and harvest-duration on mean leaf:stem ratio (LSR) and specific leaf area (SLA) little
bluestem (Schizachyrium scoparium) tillers from plots of mixed native grass stands† at their first and second harvest
year recorded at each harvest event after the first (May) in 2008 and 2009

Control

Frequency

Table 2.20

100

Figure 2.1

Plot arrangement, in one replication, showing establishment sequence

Five first-year plots (Y1) established in mid-May from 2007 to 2009, each with marked
and monitored indiangrass and little bluestem plants assigned to 30-, 40-, 60-, 90-, and
120-d harvest intervals. In each year plots are labeled Y1, Y2 or Y3 indicating plots
beginning their first, second and third harvesting year. Plots are 7.5 m long and 1 m wide
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Year

TRT

May

2007

June
1

120 (2)‡

15§

90 (2)

15

60 (3)

15

40 (4)

15

30 (5)

15

120 (2)

13

90 (2)

13

60 (3)

13

40 (4)

13

30 (5)

13

120 (2)

21

90 (2)

21

60 (3)

21

40 (4)

21

30 (5)

21

†

2

3

August

July
4

1

2

3

Sep

Oct-Dec

4
15

15
15
25
14

15
5

15

15
15

15

2008
23
18
16
23
16

23
4

16

23
18

23

2009
30
24
21
30
22

30
10

21

30
24

30

2010
All

Figure 2.2

25

Plot harvest dates by treatment and year.

†

One of four weeks in the indicated month. ‡Days between successive harvest events
with total harvests per year in brackets. §Actual harvest date for the indicated treatment
(TRT) in the corresponding year

102

Dry matter yield, kg/ha

10000

16-Jun
18-Aug

8000

23-Jun
23-Sep

16-Jul
May-II

4-Aug

6000
4000
2000
0
Y108 Y207 Y108 Y207 Y108

(a)

120

90

Y207 Y108 Y207 Y108 Y207

60

40

30

Days between harvests in 2008

Dry matter yield, kg/ha

10000

22-Jun
24-Aug

8000

30-Jun
29-Sep

22-Jul
May-II

10-Aug

6000
4000
2000
0

(b)

Y109 Y208 Y109 Y208 Y109 Y208 Y109 Y208 Y109 Y208
120

90

60

40

30

Days between harvests in 2009

Figure 2.3

Cumulative forage yield by harvest regime and duration

Whole plot DM yield (kg ha-1) at 120-, 90-, 60-, 40-, or 30-d intervals from first and
second year plots in 2008 (a) and 2009 (b) after a common equalizing May harvest in
each year and post-season May yield in the following year. Y108, Y109 and Y207, Y208
are plots in their first and second harvesting year established in 2007, 2008, and 2009,
respectively.
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Figure 2.4

Temporal trends in monthly rainfall total (mm) during the study period,
2007 to 2009, Aberdeen, MS

Figure 2.5

Temporal trends in monthly mean temperature (ºC) during the study period,
2007 to 2009, Aberdeen, MS
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CHAPTER III
EFFECTS OF CUTTING FREQUENCY ON COMPENSATORY GROWTH OF
INDIANGRASS AND LITTLE BLUESTEM IN MIXED STANDS
Abstract
Incorporation of native warm-season grasses (NWSG) in forage production
systems has increased demand for information about proper management of these species
in the southeastern USA. Growth response of key species in mixed NWSG stands to
defoliation regimes will help for designing harvest strategies to improve and sustain
forage yield and quality. A harvesting trial was conducted at B. Bryan Farms, Clay
County, MS to evaluate effects of five harvest intervals (30-, 40-, 60-, 90 or 120-d) and
harvest duration in mixed NWSG stands [indiangrass (IG, Sorghastrum nutans), big
bluestem (BB, Andropogon gerardii) and little bluestem (LB, Schizachyrium
scoparium)]. Plant leaf heights of IG and LB were recorded at each harvest. Tiller stem
and leaf weights and total leaf area were determined and specific leaf area (SLA), net
assimilation rate (NAR) leaf area ratio (LAR) and relative growth rate by weight (RGRw)
calculated. Season (June-September) and post-season (May) mean leaf height (MLH),
average growth rate (AGR) and relative growth rate by height (RGRh) were also
established. Season mean tiller weight (TW) for IG was greater from first year plots, but
LB was not affected by harvest duration. Both species had greater TW for longer harvest
intervals. Harvest duration effect was not observed for SLA, LAR, and RGRw: all
greater at shorter harvest intervals, which favored growth of LB, possibly because their
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growing points were mostly below the cutting height. For both species, TWs in retired
plots were greater (>50%) in the control than harvested plots. Post-season TWs were
greater in harvested plots compared to the control, showing no treatment effect. Both
species had shortest season MLH, greatest AGR, and RGRh values for the 30-d treatment
with harvest duration effect on IG for the 90-d only. Data indicate compensatory growth
response to frequent defoliation within season. Regaining plant height in retired plots
will take longer than one year. In comparable mixed NWSG stands, haying at 30- and
40-d harvest intervals for up to two years may neither affect post season MLH, AGR and
RGRh for IG and LB nor compromise subsequent breeding habitat quality for groundnesting grassland birds.
Introduction
Defoliation is a major ecological disturbance that influences plant growth in
managed grasslands. Whether by grazing animals or mowing machines, defoliation
reduces leaf area and therefore decreases light interception. It disrupts photosynthesis
(Lemaire, 2001) and limits growth (Chapman and Lemaire, 1993; Manske and Ske, 1998)
by reducing leaf area which in turn limits light interception, thus impacting carbon
economy in affected plants (Lemaire, 2001). As a result, grasses have developed special
response mechanisms to withstand grazing. These mechanisms involved in growth
responses associated with defoliation often cause observable morphological changes that
can be assessed as shoot biomass, leaf area, tiller density, and leaf:stem ratio (Murphy
and Briske, 1992; Ferraro and Oesterheld, 2002; van Kleunen et al., 2004). Such growth
responses, which enable plants to survive repeated defoliation, often involve differential
growth rates for different morphological components. Depending on species
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compensatory mechanism, post-defoliation growth responses may result in variable net
biomass gains.
Species response to defoliation may also be influenced by actual physical damage
on plants or changes in their environment due to damage on their immediate neighbors
(Hartnett, 1989; Anderson and Briske, 1995). Growth responses to defoliation may be
influenced by intensity and spread of defoliation over the plant‟s canopy causing notable
differences between simulated and actual grazing (Marquis, 1996). Combined effects of
these responses often cause changes in stand composition.
Compensatory growth
Plants are generally pre-adapted to re-grow, repair, and, to some extent,
compensate for tissue losses when defoliated (Trlica and Orodho, 1989; Noy-Meir,
1993). Grasses are better adapted because of their intercalary meristems allowing for
multiple defoliations without damage to growing tips (Briske, 1991). Compensatory
mechanisms associated with herbivory may be intrinsic, involving changes in physiology
and development or extrinsic involving modification of the plant‟s environment to favor
shoot growth (McNaughton, 1983). These may result from preferential allocation of
assimilates to shoot meristems (Oesterheld and McNaughton, 1991; Schnyder and de
Visser, 1999) at the expense of root growth (Harris, 1990; Kephart et al., 1995). Such
events may explain the tendency for root growth in most grasses, to cease if 50% or more
leaf area is removed (Richards, 1993; Turner et al., 1993).
Defoliated plants may also exhibit increased photosynthetic rates and efficiency
on residual leaves (Nowak and Caldwell, 1984; Meyer, 1998). This is usually favored by
changes in intensity and quality of light intercepted by residual leaves (Culvenor et al.,
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1989; Lemaire, 2001) following removal of overlying leaves and accumulated old and
dead ones (Oesterheld and McNaughton, 1991). Some species respond to defoliation by
growing new leaves on damaged plant parts. These new leaves give the plant greater
SLA and equivalent photosynthetic rates to their undamaged counterparts (Turner et al.,
1993: Meyer, 1998). Other species respond by reducing their palatability and
accessibility, which reduce chances of being grazed in future (Anderson and Briske,
1995; Cullen et al., 2006). Grasses may also respond to defoliation by increasing
vegetative tiller density (Smith, 1998: Gutman et al., 2002) due to removal of
reproductive tillers (Langer, 1990: Briske et al., 1994). Usually, defoliated grasses have
better light environment at their bases, which stimulates tiller growth (Garay et al., 1999).
Effect of defoliation intensity
At the community scale, defoliation of taller plants improves light availability to
low-growing species thus improving diversity in the stand. Usually, effects of defoliation
on a single plant are compounded by some indirect effects due to the concurrent or nondefoliation of neighbors (Hartnett, 1989; Noy-Meir, 1993: Anderson and Briske, 1995).
Individual plants may also be influenced by growth stage and plant density at defoliation
(Hartnett, 1989). Yet, the magnitude by which plants may respond to the tissue damage
will depend on the nature and severity of the defoliation event itself (Richards, 1993;
Trumble et al., 1993; Stowe et al., 2000). In a sward, for example, defoliation could have
positive effects on a lightly damaged plant if the surrounding leaves of its neighbors are
also removed (Anderson and Briske, 1995). This improves light environment and also
reduces resource competition to the less damaged plants (Archer, 1984). With severe
defoliation, however, residual leaves may not be sufficient to supply enough carbon for
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maintenance and regrowth though exposed to full light (Booysen and Nelson, 1975).
Such plants remain in “negative carbon” status, consuming stored resources until they
regrow sufficient leaf area to restore their photosynthetic capacities (Richards, 1993).
Productivity of defoliated plants is, therefore, greatly affected by the associated
compensatory mechanisms, which enable plants to ensure their survival in grazed
communities (Manske and Ske, 1998; van Staalduinen and Anten, 2005). However,
beyond certain intensity limits, compensatory mechanisms often break down (Noy-Meir,
1993) and plants may not recover. Such plants may have fewer tillers due to a depletion
of carbohydrate reserves (Trlica and Cook, 1971; Matthew et al., 1995; Matthew et al.,
2000), and thus resulting in death of the plants.
Plant species also differ in their compensatory abilities (Dawson et al., 2000) as
reflected in post-defoliation growth rates and biomass partition (Manske and Ske, 1998;
van Staalduinen and Anten, 2005). Response to defoliation may also differ depending on
whether plants are actually grazed or clipped mechanically (Trlica and Rittenhouse,
1993). These differences result from the soil disturbances caused by hooves of the
grazing animals (Naeth et al., 1991), fertilizer input from their feces and urine coupled
with selective defoliation of plants (Kephart et al., 1995).
With mixed stands, therefore, knowledge of likely responses of the dominant
species to defoliation will be helpful to managers interested in manipulating species
diversity. In the Southeast, BB, IG, and LB are important native forage grasses which
also have desirable habitat quality features for ground-nesting birds and small mammals.
However, there is paucity of information regarding their growth response to frequent
defoliation of mixed stands. The objective of this study was to determine the effects of
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harvest intervals after a common harvest in mid-May on growth of IG and LB in mixed
stands as indicated by tiller growth components and plant heights.
Materials and methods
Location and field layout
This study was conducted at Bryan Farms, Clay County, (N 33º 39; W 88º 34)
Mississippi, USA as part of a larger research project evaluating the use of native grasses
as field buffers. The dominant soils in the study area are Griffith silty clay classified as
Fine, smectitic, thermic Aquic Hapludert with pH ranging from 5.0 to 5.6 and Okolona
silty clay classified as Fine, smectitic, thermic Oxyaquic Hapludert with pH ranging from
6.0 to 7.8. The simulated grazing experiment was set in unfertilized conservation field
buffers planted with a mixture of NWSGs, still at early succession stages. For each
hectare of a prepared seedbed, a seed mixture of 1.12 kg BB, 2.24 kg LB, and 1.12 kg IG
(4.48 kg ha-1 rate) was sown in 2005, and allowed to grow undisturbed for two years.
Extended post-emergent herbicide (imazapic at 0.28 kg a.i ha-1) {(±)-2-[4,5-dihydro-4methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-methyl-3-pyridinecarboxylic acid}
was applied to control competitive weeds. Five 7.5 × 1-m parallel strips were marked in
late spring of 2007 and assigned randomly to different cutting frequencies of five, four,
and three times at 30-, 40- and 60-d intervals, respectively, or twice only at 90- or 120-d
interval (Fig. 3.1). The 90-d interval mimics a standard practice of harvesting a hay crop
early in the growing season, and then allowing the native grass field to regenerate for
grazing or winter cover. In mid-May (late-spring) of 2007, three blocks (replicates) of
five 7.5 × 1-m strips (designated Y107) were marked within the field buffers of one field
and two more similar blocks in another field, about 5 km away on similar soils,
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providing a total of five replicates (blocks). For each plot designation, e.g. Y107, the first
digit after the „Y‟ is the order of entry into the study (year) while the last two digists
indicate the year the plot was established. Within each block, the marked strips were
assigned to the five harvest treatments. During the successive two springs, 2008 and
2009, similar 7.5 × 1-m treatment plots were marked adjacent to each previous-year plot.
In 2008, Y107 plots were designated Y207, indicating they were in their second harvest
year, but established in 2007. New treatment plots established adjacent to the 2007 plots
were designated Y108; indicating they were in their first harvest year and established in
2008. In 2009, additional treatment plots were established, Y109; and Y108 became
Y208, while Y207 became Y307 (Fig. 3.1). In spring 2009, (Y307) treatment plots were
harvested only once, in May, for a regrowth assessment, and removed from the
harvesting regime. In each plot, IG and LB plants were marked for repeated physical and
yield measurements to assess species response to treatments in these mixed stands.
Growth measurements
During each year, all study plots were harvest in mid-May (equalizing harvest)
after which seasonal-growth was harvested, on assigned dates, throughout the summer
(Fig. 3.2). Harvesting events coinciding with heavy rainfall event were delayed, or
hastened by up to six days to allow optimum machine operation. Immediately prior to
harvest, leaf heights (LH) were recorded as the distance from the ground to the tip of
extended uppermost leaf for the marked IG and LB plants. Measurements were taken on
three randomly selected tillers of each marked plant. Three tillers of each species were
selected at random, from three other plants, clipped at the ground, kept in paper bags, and
stored fresh in cooler boxes for further laboratory anlyses. The whole plot was then
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harvested by a 1.0-m wide Carter flail forage harvester (Carter Manufacturing Company,
Inc, Brookston, IN, USA) to assess forage yield under the different harvest regimes.
After harvest, basal heights (BH) of the marked IG and LB plants were recorded.
Tillers were sorted into leaf and stem components by separating the leaf blades at
their collar regions. Leaf sheaths were considered stem components. Leaf blades of each
tiller were run through a portable area meter (LI-3000, LI-COR, Lincoln, NE USA) to
quantify their total leaf area (LA; cm2). Stem and leaf material were oven-dried in a
forced air oven to constant weight at 60º C. In batches, dried tiller components (stem and
leaf) were cooled in a desiccator and weights were recorded using a digital microbalance
(AG104, Mettler Toledo, Northbrook, IL, USA).
Growth analysis
For each tiller, eight derived measurements were calculated from the measured
SW, LW, and LA. Tiller weight (TW) was estimated by summing up SW and LW, and
leaf:stem ratio (LSR) was calculated as the ratio of LW and SW. From the leaf area (LA)
and weight measurements, specific leaf area (SLA), a positive indicator of plant‟s relative
growth rate, (Shipley, 2002) was calculated as LA/LW and recorded in cm2 g-1. Leaf area
ratio (LAR), a measure of the efficiency at which a given leaf area produced the plant dry
biomass, cm2 g-1, was calculated as LA/TW (Poorter and Remkes, 1990). Net
assimilation rate (NAR), an index of productive efficiency based on increase in plant dry
weight per unit leaf area and unit time (Poorter and Remkes, 1990) was estimated as
(TW/d)/LA and recorded as mg cm-2 d-1 (d = days). Relative growth rate (RGRw) on
weight basis, a measure of the rate of change in plant weight as a proportion of the
original plant size, was calculated as NAR × LAR and values recorded in mg g-1 d-1.
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From measured LH and BH, species absolute growth rate (AGR) in cm d-1, an
indicator of the rate of change in plant size, was calculated as (LH – BH)/number of days
between successive harvests, recorded in mm d-1. Relative growth rate, on height basis,
(RGRh) was calculated as AGR/BH, recorded in mm cm-1 d-1. This calculation was
necessary in order to correct for any difference in stubble heights after the first harvest.
Tiller measurements were recorded between June 2008 and mid-May 2010. During each
year, measurements recorded after the mid-May harvest (June-September) were averaged
and expressed as growing season means for the year. Response measurements for
regrowth in the next year, prior to the mid-May harvest, were grouped as post-season
records to indicate general plant health. On each measurement day, similar
measurements were recorded from adjacent uncut (control) plots for comparison.
Data Analyses
Statistical analyses were conducted on the data as a randomized complete block
design with harvest intervals as treatments and plots as experimental units. Data for each
species were analyzed by using the general linear model procedures (Proc GLM) of SAS
(2007) for effects of cutting frequency and harvest duration within harvest years. Mean
separations were based on Fisher‟s protected least significant difference (LSD) and
differences were considered significant at the 0.05 probability level.
Results and Discussion
Growth analysis by weight
To determine effects of cutting frequency and harvest duration on plant growth,
respective tiller growth measurements, within harvest year, were compared. There were
year effects on the measured growth indicators, so results are presented separately. For
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the 2008 data, differences between tiller measurements from Y108 and Y207 (duration of
harvest effect) were not observed. This allowed for the data to be pooled over harvest
duration for IG and LB mean comparison (Table 3.1).
Season tiller growth of indiangrass in 2008
Effects of management practices on forage yield of a pasture can be monitored by
changes in individual plant weight of the dominant species. With bunch grasses, changes
in mean TW serves as an indicator of the whole plant response to treatment. In the
present study, mean TW values for IG (Table 3.1, left) were less for shorter harvest
intervals (P <0.001). Greatest values were obtained for the 60-d, 90-, and 120-d harvest
intervals. These tillers were heavier than the 40-, and 30-d treatments, which were not
different from each other. This finding is not surprising because for defoliated plants,
leaf is the primary sink for carbohydrates (Briske, 1986; Briske and Richards, 1995) to
restore their photosynthetic capacities. Unless adequate leaf area has been restored,
downward movement of carbohydrates to the crown and root growth will not occur
(Briske, 1986). The recovered plants can then proceed into growth of reproductive tillers
which have elongated stems and relatively heavier than their same-age tillers with
vegetative growth stage. Additionally, defoliation favors multiple growths of axilliary
tillers (Manske, 1999), which results in greater numbers of thinner tillers in the recovery
growth.
In the growth analysis, mean SLA values of the measured IG tillers were
compared (Table 3.1, left). This analysis found that, greater SLA values were associated
with the 30- and 40-d harvest intervals, which were greater (P <0.001) than the 60- (117
cm2 g-1), 90- (103 cm2 g-1) and 120-d (101 cm2 g-1) intervals. This is usually a result of
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the preferential leaf growth exhibited as plants try to repair their photosynthetic
structures. Such plants tend to first maximize their leaf areas which results in having
thinner, but wider leaves and therefore greater SLA values. Greater SLA also implies
greater light interception capacity which would translate into faster growth rates and,
therefore, greater forage biomass yield. Because SLA is negatively correlated with leaf
fiber content and positively correlated to dry matter digestibility (Al Haj Khaled et al.,
2006), greater SLA values under the shorter harvest intervals suggest better nutritive
value of the material. This makes 30- and 40-d harvest intervals advisable for increasing
forage yield and quality from mixed stands dominated by IG.
Changes in NAR, which measures relative efficiency of biomass production,
following defoliation usually reflect plant‟s ability to compensate for tissue losses. Plants
with more NAR have greater forage yield potential and tolerate frequent defoliation.
Treatment comparison of season mean (June-September) NAR values was conducted for
the 2008 harvest year. Treatment differences of IG mean NAR were observed (Table 3.1,
left) being greatest (0.32 g cm-2 d-1) for the 30-d interval, but only greater (P <0.01) than
the 90- (0.23 g cm-2 d-1) and 120-d (0.17 g cm-2 d-1) treatments. This implies that plants
used leaf areas more efficiently at shorter harvest intervals, which agreed with earlier
assertion (Briske, 1991) that light capturing ability increases with leaf expansion. Thus
recovering plants attained maximum photosynthetic rates at full leaf expansion
(Caldwell, 1984) after which rate declines with increasing senescence. Furthermore,
leaves on the recovering defoliated plants have greater photosynthetic rates than those on
undefoliated plants (Briske and Richards, 1995; Manske and Ske, 1998) because they are
chronologically younger. This enables grasses to grow relatively faster immediately after
defoliation, slowing down later as leaf senescence exceeds leaf expansion. In the current
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study, lack of differences in mean NAR values between the 30-, 40-, and 60-d treatments
implied that, for up to 60 days, recovering IG plants maintained greater photosynthetic
efficiency. However, numeric decline in NAR values from the 40-d interval onwards
suggested gradual leaf senescence, for IG, which usually reflects in growth rate
reduction. This makes longer than 40-d harvest intervals wasteful due to net weight loss
in senescent leaves.
The effects of the harvest regimes on plant growth were also assessed based on
LAR, which measures efficiency at which a given leaf area produces the respective plant
size (Hunt, 1982). Greater LAR values are, therefore, associated with faster growth rates
which indicate greater forage yield potential. For the shortest harvest intervals (30- and
40-d), IG had greater LAR values compared to the longer intervals. The LAR values for
these treatments were greater (P <0.001) than for the 60- (68 cm2 g-1), 120- (62 cm2 g-1)
and the 90-d (52 cm2 g-1) intervals. These values suggested that, for up to 40 days of
regrowth, compensatory growth response, triggered by defoliation, allowed greater
biomass production efficiencies on the more stressed plants. Lack of difference between
the 30- and 40-d treatments suggested that, forage harvesting in NWSG stands dominated
by IG at these intervals, would optimize on IG‟s compensatory growth mechanisms. The
noted numeric increase in LAR values between the 90- and 120-d treatments probably
resulted from greater leaf weight losses at prolonged translocation of cell constituents to
the crown and roots (Leopold and Kriedemann, 1975) and also leaching for by the mature
plants. Because this likely leaf weight loss period was 30 days longer for the 120- than
the 90-d treatment, it could explain the numeric increase in LAR. This would not be the
case for the 30- and 40-d treatments where plants were still in positive leaf turnover rates.
Rather, the faster leaf expansion rate (Briske and Richards, 1995) resulted in greater LAR
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values, indicating greater leaf:stem ratio (LSR); a desirable forage quality attribute. This
usually results in leaves that are greater in nutritional quality of the more frequently
defoliated plants (Anderson and Matches, 1983; Van Man and Wiktorsson, 2003).
Greater forage production and stand persistence is also expected from stands
composed of species which quickly restore lost photosynthetic abilities when defoliated.
This is a common phenomenon for grasses, where replacement leaves grow relatively
faster to attain greater photosynthetic rates than same-age leaves on undefoliated plant
(Briske and Richards, 1995). This translates into faster RGRw as observed in this study
(Table 3.1, left), for IG with greater values for shorter harvest intervals. For IG, RGRw
was greatest for the 30-d interval (27 mg g-1 d-1) and decreased (P <0.001) as harvest
intervals increased. This treatment had greater RGRw than the 40- (20.5 mg g-1 d-1), 60(15.3 mg g-1 d-1), 120- (8 mg g-1 d-1), and the 90-d (7.9 mg g-1 d-1). Lack of differences
between the 90- and 120-d treatments in RGRw suggested that the IG plants retained
most of their dead leaves; a desirable habitat quality attribute.
Season tiller growth of little buestem in 2008
Growth analysis was also conducted for samples of LB tillers from the same plots.
This analysis was necessary to generate information on how other key species in the
mixed stands responded to the common defoliation events, which might impact species
diversity. During the same harvest year (2008), similar but more pronounced trends in
growth response were observed for LB (Table 3.1, right). While IG mean TWs separated
into two response categories, three such categories resulted for LB. Tillers of LB were
heavier from longer harvest intervals (P <0.001), with the greatest value (0.4 g) for the
120-d treatment. As interpreted for IG, greater TWs at longer harvest intervals resulted
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from stem growth on reproductive tillers, while for shorter harvest intervals, tillers were
clipped still at the vegetative stage. This made TW values for the 120-d treatment greater
(P <0.001) than the 60- (0.2 g) and both 40- and 30-d (0.1 g) intervals. Because TWs for
the shorter harvest intervals were composed more of leaves than stems, forage material
for the shorter intervals would be more digestible and, therefore, better quality hay.
As for IG, SLA data for LB at the same harvest events were also analyzed to
determine response to the treatments (Table 3.1, right). Mean SLA for LB increased with
the harvesting interval. This likely resulted from greater leaf expansion rates as the
frequently defoliated plants tried to maximize their light interception capacity, resulting
in thinner leaves. Values were greatest for the 30-d interval (174 cm2 g-1), and greater
than (P <0.001) for the 90- (135 cm2 g-1) and 120-d (133 cm2 g-1), but not the 40- (166
cm2 g-1) or 60-d (159 cm2 g-1) intervals. Since SLA is negatively correlated with fiber
content and positively correlated with DM digestibility (Al Haj Khaled et al., 2006),
better quality forage would be produced for the 30- and 40-d harvest intervals.
With respect to efficiency of biomass production of LB (Table 3.1, right),
treatment differences in NAR between the 30-d (0.31 g cm-2 d-1) and all other harvest
regimes were observed (P <0.001). These NAR values for LB were more variable
between treatments compared to those of IG (Table 3.1, left). This probably resulted
from the shading effect of neighbors for longer harvest intervals once IG and BB started
jointing. Because LB heights (Table 3.8) at longer harvest intervals were about half that
of their paired IG (Table 3.7), the shading effect was more or less constant, thus reducing
treatment differences in biomass production efficiency. These results suggested that
growth of LB in mixed stands with tall growing species could be favored by frequent
defoliation, which would improve light availability to the shorter plants.
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Efficiency of biomass production (LAR) was also assessed on the LB tillers in the
same year (Table 3.1 right). Thes LAR values separated into two treatment groups; the
30-, 40-, and 60-d harvest intervals being greater (P <0.001) than the 90- and 120-d
intervals. Because TWs for LB were generally <0.5 g, LAR values were mostly
influenced by the corresponding SLA values, which, in turn, were influenced by the
shading effect of neighbors in plot. However, results still indicated better biomass
production efficiency at shorter harvest intervals. The noted greater LAR translated into
faster vegetative growth rates for the shorter harvest intervals. Differences of mean
RGRw in response to harvest intervals were observed. The greatest value was observed
for the 30-d interval (26.6 mg g-1 d-1). This value was greater (P <0.001) than for all
other treatments. Mean treatment RGRw values decreased with lengthening of harvest
interval; the least being 8 mg g-1 d-1 for the 90- and 120-d intervals. This decline could be
attributed to changes associated with maturity. Plants harvested at longer intervals,
would have started moving assimilates from senescent leaves to the crown and roots. At
the 90- and 120-d intervals, plants were also more susceptible to shuttering of dead dry
leaves, thus contributing to the observed lower RGRw values. A single harvest at 90- or
120-d interval, therefore, is not advisable as it amounts to losses in forage quantity and
quality. For the 60-d treatment, however, plants had their intercalary meristems already
above the cutting height, necessitating regrowth to come mostly from newly developed
leaf primordia and axillary tillers (Briske, 1986). Because regrowth is relatively slower
from newly developed leaf primordia or axillary tillers than from intercalary meristems
(Briske, 1986; Gold and Caldwell, 1989; Briske and Richards, 1995), the 60-d treatment
plants would have exhibited slower recovery growth rates compared to the 30- and 40-d
treatments. Additionally, a 60-d recovery period for IG resulted in poor quality hay
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(stemy) as it was far beyond the recommended range of 30 to 45 days for mixed NWSGs
(Anderson, 2000). With mixed stands dominated by IG and LB, therefore, 30- to 40-d
harvest interval may result in faster leaf regrowth, contributing to greater cumulative
forage yields and quality.
Post-season tiller growth in 2009
With mixed stands, plant damages imposed by defoliation in one year may affect
species recovery growth differently in the next. Such species differences for growth in
spring may lead to increased or decreased species diversity depending on performance of
the dominant species. In the current study, treatment effects on post-season early plant
growth were assessed on data collected at mid-May harvest in 2009, from plots harvested
in 2008 compared to data from control plots (never harvested). Effect of harvest duration
(one year) on regrowth of IG and LB in previously harvested plots was not observed,
thereby allowing for data to be pooled across years (Table 3.2). Neither IG nor LB tiller
regrowth showed difference, for the measured growth components (TW, SLA, NAR,
LAR and RGRw) attributable to harvest duration or harvest intervals. This was mainly
due to the long recovery period allowed in spring before the first harvest in May. In the
present study, undisturbed spring-growth period was about 45 days; longer than the
recommended 40-d for BB (Mousel et al., 2005) or mixed NWSG stands (Anderson,
2000). This allowed enough time for severely defoliated plants to extend their root
systems, which improved their nutrient uptake to support compensatory growth rates.
Similar effects of defoliation intensity on regrowth of perennial grasses were reported by
Oesterheld, (1992) who noted that, beyond 42 days of regrowth, treatment differences in
basic allometric relations disappeared. Absence of treatment differences in the post120

harvest recovery growth attributes allows managers to choose harvest intervals based on
desirable forage yield and quality rather than anticipated post-season growth.
Season tiller growth of indiangrass in 2009
Due to year effect on response to treatment in the measured growth attributes, a
second set of tiller measurements was recorded during the 2009 growing season and
analyzed for treatment effect (Table 3.3). The year effect was mainly due to differences
in climatic factors, especially rainfall distribution (Fig. 3.3) and monthly temperatures
(Fig. 3.4). Differences of treatment response from first (Y109) and second (Y208) year
plots were noted (harvest duration effect). In the analysis, all indicators of compensatory
growth (TW, SLA, NAR, LAR, and RGRw) were compared among treatments (Table
3.3, within column, lowercase letters) and also among harvest durations (Y109 and
Y208) within treatment (Table 3.3, between columns, uppercase letters). Of all assessed
growth parameters, only TWs of IG showed an effect due to harvest duration. With the
exception of the 60-d harvest interval, TW values, within treatment, were greater from
Y109 (first year) than Y208 (second year) plots. It is common for defoliated plants to
have less regrowth TWs. This is partly caused by insufficient photosynthetic output of
the growing leaves to meet requirements for growth (Coyne et al., 1995). It also results
from increased tiller density and lack of adequate carbohydrate reserves to support
growth (Donaghy and Fulkerson, 1998).
Within a year, both Y109 and Y208 IG means showed treatment differences in
TW. The trend observed in first year plots of 2008 (Table 3.1) continued in the second
year for both new and 12 month plots (Table 3.3). Tillers were heavier in the first (Y109)
than the second year (Y208) plots except for the 60-d treatment. Usually, previously
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defoliated plants start the growing season with relatively less carbohydrate reserves,
shallow root system, and therefore, poor biomass production than their undefoliated
counterparts (Turner et al., 1993). This is because such plants spend resources on
replacement leaf growth, leaving less carbohydrate for root growth and production of
crown tissue for tiller growth in the next year. Similar reduction in annual DM yield and
morphological development due to harvest duration was reported on LB (Mullahey et al.,
1990) in a poor rainfall year. In a similar study on BB (Owensby et al., 1974), increasing
clipping frequency decreased herbage yields in the following year. Negative effects of
duration of defoliation are often long-lasting. For example, a 30% reduction in TW and
size was noted for Chionochloa palens, (Lee et al., 2000), even after two decades.
Managers may need to prepare for such subsequent declines in performance by planning
for complementary feeding or boosting growth rate by fertilizing or spring burning.
In the current study, IG tillers were heavier for longer intervals (Table 3.3). In
Y109 plots, the greatest TW values were observed for 120-d harvest interval (2.7 g) and
the 90-d (2.4 g). For these treatments, TWs were greater (P <0.001) than for the 60- (1.0
g), 40- (0.7 g), and 30-d (0.6 g) treatments. In the second year (Y208) plots, mean TW
was greater (P <0.001) for the 120-d interval (1.7 g) than the other treatments: the 90(1.2 g), 60- (0.9 g), 40- (0.5 g), and 30-d (0.4 g) intervals. Reduction in TW due to
previous defoliation is also influenced by actual intensity of defoliation. Usually, severe
defoliation in fall reduces production of crown tissue and root biomass resulting in poor
tiller growth in the next year (Turner et al., 1993; Ferraro and Oesterheld, 2002).
Although longer intervals between defoliation would allow plants enough recovery, more
carbohydrate reserves, and extended root systems for better plant vigor in the next year, it
would also compromise forage quality. Under rotational forage harvest system however,
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a pasture unit can be harvested intensively, for one year and rested in the next for full
recovery. This enables managers to choose harvest intervals just long enough for plants
to restore their photosynthetic capacities, but not too long for forage quality to decline.
During the 2009 growing season, treatment effects on regrowth of IG were also
based on differences in SLA, a component of RGRw (Shipley, 2002) that is positively
correlated with growth rate. Regrowth with greater SLA would intercept more light thus
increasing biomass production potential. Analysis of the 2009 data found no effect of
harvest duration on mean SLA, for IG (Table 3.3, paired columns, lowercase letters).
Within harvest duration, however, treatment differences in SLA were observed in the first
(Y109), but not the second year (Y208) plots. Lack of effect of harvest duration on SLA
was partly a result of the uniform light environment created by harvesting. Since first
and second year plots were treated alike, within treatment, they would have similar
access to light and photosynthetic potential. Within harvest duration, however,
frequently defoliated tillers were clipped at their leaf expansion phase. At longer harvest
intervals, tillers were more likely to be clipped after attaining maximum leaf area and
being lignified, thus reducing their leaf area to biomass ratios. The greatest SLA for IG
was observed for the 30-d harvest interval (156 cm2 g-1). For the other treatments, values
decreased (P <0.001) with increasing harvest interval to the 60- (113 cm2 g-1), 90- (108
cm2 g-1), and the 120-d interval (101 cm2 g-1). Lack of treatment effect on SLA for plants
in Y208 plots was partly a common effect of increased tiller density and growth of
annuals in the voids, forcing leaves on most perennial tillers to grow vertically upwards
in search for light. This also indicates that compensatory mechanisms in IG involve
faster leaf growth on defoliated plants to attain greater photosynthetic rates than their less
damaged counterparts, similar to earlier findings of Meyer (1998). However, numeric
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SLA values for IG in Y208 plots were still greater for shorter harvest intervals and
decreased with lengthening of the intervals. This suggests that leaf growth rates were
relatively faster for shorter harvest intervals, which translated into greater forage yield.
During the 2009 harvest year, neither harvest duration, nor harvest interval
affected photosynthetic efficiency as indicated by NAR, for IG, (Table 3.3). This shows
that defoliation induced physiological adjustments that enabled plants to compensate for
the tissue damages. This resulted in greater daily weight gains at shorter harvest intervals
(P <0.001) associated with greater SLA values. The reverse would be true for the longer
harvest intervals and hence the uniformity in NAR values. In the same year, associated
LAR and RGRw values, showed no effect of harvest durations. However, for both Y109
and Y208 plots, LAR values for IG were greater (P <0.001) for shorter harvest intervals.
Greatest LAR values were observed for the 30-d treatment in both Y109 (77 cm2 g-1) and
Y208 plots (82 g). For this treatment, in Y109 plots, LAR was only greater than the 90(42 cm2 g-1) and 120-d (32 cm2 g-1). In the Y208 plots, LAR values were in a similar
treatment trend as in Y109 plots, but treatment differences were less clear. Greater LAR
values at shorter harvest intervals resulted from preferential growth of leaves with very
few, if any, reproductive tillers, which resulted in greater proportion of leaf weight in
total TW. This was attributed to the fact that tillers at longer harvest intervals, were
clipped at mature stages with more lignified cell-walls, giving greater biomass per unit
leaf area. In these Y208 plots, IG mean LAR values were also greater for shorter harvest
intervals (P <0.03), but differences were only between the 120-d, (42 cm2 g-1) and both
30-, (82 cm2 g-1) and 40-d (76 cm2 g-1) treatments. This further supports the assertion that
biomass production efficiency was greater at shorter harvest intervals, preferable for
forage yield and quality.
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Although harvest duration did not affect RGRw for IG, (Table 3.3), harvest
interval did. In both Y109 and Y208 plots, treatment differences of RGRw were
observed, with greater values for shorter harvest intervals (P <0.001). In both Y109 and
Y208 plots, RGRw was least (8 mg g-1 d-1) for the 120-d and increased with every
decrease in harvest interval. Greatest values were 23 mg g-1 d-1 in Y109 plots and 25 mg
g-1 d-1 in the Y208 plots for the 30-d treatment. Following defoliation, IG plants‟ priority
growth is usually on leaf elongation and expansion to restore lost leaf area (Donaghy and
Fulkerson, 1998; Turner et al., 2007). At the same cutting height, shorter harvest
intervals leave greater proportions of intercalary meristems below the cutting height.
These retained growing points resume leaf growth immediately after defoliation. This is
a morphological adaptation involved in compensatory growth of tall-grasses recovering
from defoliation. Less RGRw values at longer harvest intervals, therefore, were in
agreement with the fact that regrowth for plants defoliated at/or close to maturity stages
was mostly on axillary tillers or new leaf primordia. Furthermore, at shorter harvest
intervals, plant leaves were chronologically younger and photosynthetically more
efficient (Briske, 1991), which would account for the observed greater RGRw values.
This has a practical implication on the importance of timely forage harvesting in NWSG
stands. Forage harvesting in IG dominated stands should not be delayed to plant maturity
as this would increase losses of growing points. Late harvesting would result in double
losses: poor forage quality and slow recovery growth. For mixed stands dominated by
IG, the 30- and 40-d harvest intervals may improve yield and quality of hay.
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Season tiller growth of little bluestem in 2009
Information on how key species respond to defoliation regimes, in mixed stands,
is helpful to managers interested in improving and /sustaining desirable floristic
composition. In the current study, some differences were noted between LB and IG in
growth response to treatment. For LB, there were no significant effects due to duration
of harvest for the growth components measured, (Table 3.4, between columns).
However, treatment differences in mean TWs were observed (P <0.001) in the Y109
plots; the greatest value was for the 120-d harvest interval (0.5 g). With decreasing
harvest intervals, TW values declined to 0.4 g for the 90-d, 0.2 g (60- and 40-d) and 0.1 g
for the 30-d harvest interval. Decline of TWs with shortening of harvest intervals was
expected since tillers were clipped at relatively younger stages, for shorter intervals. For
longer harvest intervals, tillers would be closer to or at mature size, heavier. However,
this may not be good for forage quality as lignified cell-walls are less digestible (Jung
and Allen, 1995; Moore and Jung, 2001). Unlike IG, differences in mean TWs for LB in
Y208 plots due to treatment were not observed. Values ranged from 0.1 g for 30-, to 0.4
g for the 120-d interval. Reduced TW for LB plants due to multiple defoliations in the
prior year was expected according to earlier observations with insufficient precipitation
(Mullahey et al., 1990). Although, for the current study, rainfall in 2009 was unevenly
distributed, with the July dry spell extending to August, different from 2007 and 2008. In
the second year plots, TW for LB showed no treatment difference. This was likely a
combined effect of short plant height and shading effect of neighbors. At shorter harvest
intervals, most LB plants would have leaf tops only above the cutting height and
therefore less damaged while, at the same time, the shading effect of tall neighbors was
reduced. At longer harvest intervals, LB plants would have elevated growing points
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above the cutting height (Gold and Caldwell, 1989) necessitating regrowth from newly
developed primordia or axillary buds, which usually take longer (Gold and Caldwell,
1989; Briske, 1991). By the time new LB leaves or tillers emerged, tall growing
neighbors would have posed substantial light competition thus limiting photosynthesis for
LB. This implies that when the cutting height is not too low, short harvest intervals in
mixed stands of, IG, LB, and BB, may favor faster growth with more forage yield for LB.
Compensatory mechanisms in response to defoliation often involve changes in
leaf growth rate when loss of intercalary mesristem is avoided (Hannaway et al., 2000).
Following defoliation, species compensatory ability may be established based on changes
in SLA in response to cutting frequency. During the 2009 season, harvest intervals did
not affect mean SLA for LB in first year (Y109) plots (Table 3.4). In the same year,
Y208 plots, difference was only between the 120-d (128 cm2 g-1) and all the other
treatments (P <0.03). However, values were still numerically greater for shorter harvest
intervals which may imply that frequent defoliation induced faster leaf regrowth rates.
This suggests that LB, like IG, also exhibited compensatory leaf growth immediately
following defoliation aggreing with Hannaway et al. (2000) that avoiding loss of growing
points at harvest improves forage production. Compensatory growth for LB was also
reflected in lack of differences in the calculated efficiency of biomass production (NAR).
Neither harvest interval, nor harvest duration affected NAR for LB (Table 3.4) in 2009.
This suggests increased growth rates at shorter harvest intervals, induced by improved
light environment, while shading by neighbors and leaf senescence reduced growth rates
for the longer intervals. While plants at shorter harvest intervals tended to have wider,
but shorter leaves (field observation), at longer intervals leaves were longer and slender.

127

Assessment of the efficiency at which measured leaf area produced respective
TWs found differences in LAR due to treatment in both first and second year plots (Table
3.4). Mean LAR decreased (P <0.03) with increasing harvest intervals, but in Y208
plots, difference was only between the 120-d and all other treatments (P <0.02). In both
Y109 and Y208 plots, mean LAR was greatest for the 30-d harvest interval. In Y109,
LAR was greater for the 30-d treatment (102 cm2 d-1) than the 90- (55 cm2 d-1) and 120-d
(40 cm2 d-1), but not the 40- (85 cm2 d-1) or 60-d (71 cm2 d-1). The 100 cm2 d-1 in Y208
was only greater than that for the 120-d interval (51 cm2 d-1). These trends in the LAR
were likely more influenced by TW since SLA was less variable. This indicates that
plants had greater photosynthetic efficiencies at shorter harvest intervals, which is normal
for young leaves, usually more photosynthetically active (Manske and Ske, 1998). This
further suggests that greater forage yields were expected for the 30- and 40-d treatments.
Observed biomass production efficiency translated into faster growth rates for the shorter
harvest intervals. In both Y109 and Y208 plots, RGRw for LB decreased (P <0.001)
with each increase in harvest interval (Table 3.4). In the Y109 plots, RGRw values for
LB were greater (P <0.001) for the 30- (24 mg g-1 d-1) than the 40- (20 mg g-1 d-1), 60- (15
mg g-1 d-1), 90- (11 mg g-1 d-1), and 120-d (8 mg g-1 d-1) treatments. Similarly, in the
Y208 plots RGRw values were greater for the 30-d (24.1 mg g-1 d-1) than 40- (19 mg g-1
d-1), 60- (15 mg g-1 d-1), 90- (11 mg g-1 d-1), and 120-d (8 mg g-1 d-1) treatments. The
observed greater RGRw values at short harvest intervals suggest that no defoliation was
intense enough to compromize recovery for LB. Usually, forage production from grasses
defoliated frequently continues as long as plant vigor is sustained and growing points are
retained (Hannaway et al., 2000). The RGRw values for both IG and LB in the present
study suggest that both species have the potential to sustain high forage yield at shorter
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harvest intervals in mixed stands. However, because these observations are based on
individual tiller measurements, their implication on actual forage yield will depend on
species tiller density in the mixed stands.
Season tiller growth in retired plots
In mixed stands under rotational harvesting, yield sustainability for a harvest
regime depends on its influence on compensatory growth of the key species in the rest
year. This influences how soon recovering plants replace leaf area to resume increased
shoot and root biomass production. This can be assessed by comparing mean growth of
the key species in recovering stands with respect to treatments and harvest duration. In
the current study, assessment was based on the June-September 2009 growth records of
IG and LB in the retired (Y307) plots, last harvested in May 2009 (Table 3.5).
During the 2009 harvest year, treatment comparisons were conducted on mean
TWs of IG and LB and the associated growth components (SLA, NAR, LAR, and
RGRw) in the retired, Y307, plots. No effect of harvest duration on recovery growth was
noted for IG or LB. For both species, treatment differences were only observed on TWs
between the newly retired Y307 and control plots. These values were greater (more than
twice) in the control plots than any harvested plot (P <0.001). However treatment
differences among harvested plots were not observed. These results indicate that after
two consecutive harvest years, efficiencies of biomass production for IG and LB, in the
mixed stands, were severely reduced. This was probably due primarily to their impaired
root growth in the first harvest year. Plants would, therefore, take longer than a single
growing season to recover. This would force recovering plants to first restore their root
system so as to increase nutrient and water uptake before regaining vigorous vegetative
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growth. Management intervention (fertility management) may induce faster recovery to
allow frequent harvests without detrimental effect on stand persistence. Lack of
treatment differences in TW implies that recovery growth of IG and LB in retired plots
was less influenced by previous defoliation intensity. This implies that management
interventions to improve recovery growth may work for any harvest interval.
Post-season tiller growth in 2010
Effects of the harvest intervals and harvest durations on post-season regrowth of
IG and LB were also assessed on records from the same Y109 and Y208 plots during the
May green-up of 2010 (Table 3.6). The purpose was to compare species recovery
between plots harvested for one or two consecutive years under the study regimes.
Duration of harvest did not affect post-season recovery growth for IG or LB in 2009. For
both IG and LB, mean TWs were greater (P <0.01) in the control plots than all previously
harvested plots, with no treatment differences in TW. All other measured growth
components (SLA, NAR, LAR, and RGRw) were not affected by treatments. This
agreed with earlier report by Briske, (1991) indicating that once new tillers have
established, their growth depends more on current photosynthesis than stored carbon.
This suggested that recovery growth of IG and LB in the mixed stands was more
influenced by current growing conditions than previous defoliation. Still, growth was
slower for harvested plots than the control. Sustainable forage production from mixed
stands of IG and LB, therefore, will require strategies to boost post-season growth of the
key species. Although harvest intervals did not affect post-season growth, still,
harvesting for the 30- and 40-d intervals (reasonably good for forage quality) went on
through late September. With the current data, it is not clear whether ending the season
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sooner, for the 30- or 40-d treatments, would have improved post-season recovery growth
of IG or LB in the mixed stands. That would allow better root growth in fall and more
initiated axillary buds to ensure faster green up of IG in the next spring.
Growth analysis by plant heights
Effects of cutting frequency and harvest duration on growth of IG and LB plants
in the mixed stands were also assessed by measuring leaf heights at each harvest event.
With these records, comparison between treatments and duration of treatment were
possible. Standing plant height was necessary for assessing effects of the harvest
intervals on plant growth, and how this might apply to grassland fauna.
Season plant height of indiangrass in 2008
During the 2008 harvest year, IG mean leaf heights (MLH) for each treatment
recorded after the first harvest of the active growing season (June-September) were
compared (Table 3.7). Except for the 90-d treatment, harvest duration had no effect on
season MLH for IG (Table 3.7, uppercase letters). For the 90-d treatment, IG plants grew
taller in Y207 compared to Y108 plots. This was likely due to a combination of early
cessation of harvesting for the 90-d treatment, August 15th (Fig. 3.2) and more rainfall in
August (Fig. 3.3). This likely allowed greater recovery growth in the fall of 2007
probably enabling plants to start the 2008 growing season with more carbohydrate
reserves, greater root biomass and initiated axillary buds.
Within harvest duration, both Y108 and Y207 plots, IG showed treatment
differences (P <0.01) in MLH (Table 3.7, lowercase letters). Plants in Y108 were tallest
for 120- (125 cm) and 90-d (96 cm) plots, decreasing with shortening of harvest intervals
to the 56 cm (shortest) for both 40- and 30-d treatments. In the second year (Y207) plots,
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IG plants were tallest for the 90-d treatment (146 cm) compared to all other treatments
and decreased to 51 cm for the 30-d treatment. These values were on the minimal end for
the range of 120 to 390 cm in literature (Jones et al., 2007) for mature IG plants in
Mississippi. However, because these MLH values (Table 3.7) were measured on
recovering plants, being shorter than their unharvested counterparts was expected. It
would be so because plants at shorter harvest intervals were maintained at vegetative
stage, growing more by leaf blade expansion and extension, but less on leaf sheaths or
stem elongation (Gold and Caldwell, 1989; Pena et al., 2009). Usually at longer harvest
intervals, plants attain maximum leaf blade size and continue on leaf sheath elongation
and stem jointing on reproductive tillers (Hannaway et al., 2000).
Except for the 90-d treatment, harvest duration had no effect on season AGR,
(Table 3.7, uppercase letters). For the 90-d treatment, IG plants grew faster in Y207
compared to Y108 plots. As suggested earlier, plants for the 90-d treatment in 2007 had
some recovery opportunity after the last harvest which came sooner; August 15th. This
likely allowed plants to replenish carbohydrate reserves and possibly initiate tiller buds
for the 2008 spring growth. In both Y108 and Y207 plots, however, treatment
differences in AGR for IG (P <0.02) were noted (Table 3.7, lowercase letters). For
shorter harvest intervals, AGR values were greater. The greatest AGR value (1.7 cm d-1)
in Y108 plots was observed for the 30-d treatment. The AGR value for this treatment
was similar to that for the 60-d (1.3 cm) but greater than all other treatments. In Y207
plots, AGR was 1.5 cm d-1 for the 30- and 90-d intervals and greater than for all other
treatments. Although IG plants were shorter for shorter harvest intervals, regrowth was
faster. This was expected for plants restoring damaged photosynthetic systems through
expansion of previously differentiated cells in the intercalary meristems (Briske, 1991).
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At longer harvest intervals, plants attained mature height and channeled assimilates to
storage organs. The noted similarity between the 30- and 60-d treatments in Y108 and
between 30- and 90-d in Y207 likely resulted from rapid elongation of the peduncle
(uppermost internode) at seedhead appearance as described by Hannaway et al. (2000).
Relative growth rate (RGRh), the rate of increase of plant height per day per unit
stubble height was not affected by harvest duration, except for the 90-d treatment (Table
3.7, uppercase letters). For this treatment, plants grew relatively faster in Y207 plots
compared to Y108 plots. Within harvest duration, RGRh in both Y108 and Y207 plots
was greater (P <0.01) for the 30-d treatment (Table 3.7, lowercase letters). In Y108,
RGRh of IG for the 30-d (2.2 mm cm-1 d-1) was greater than for all other harvest
intervals. In Y207 plots, RGRh values of the 40-, 60-, and 90-d treatments were same as
the 30-d treatment, and greater than the 120-d (0.8 mm cm-1 d-1). While greater RGRh
values for the 30-d treatment could be due to faster leaf blade elongation alone, for the
40- and 60-d treatments, it could have also resulted from elongation of leaf sheath and the
lowermost internodes. Both contribute to raising meristems above the cutting height
(Hannaway et al., 2000). This has a practical implication with regards to timing of
defoliation to avoid loss of intercalary meristems. Managers need to establish the critical
time interval beyond which leaf sheath elongation on the key species starts, and harvest
before it does. Identifying associated morphological indicators of the transition phase
such as leaf ageing would also be helpful.
Season plant height of little bluestem in 2008
Growth response to treatment was also assessed on LB plants in the same plots as
IG. Unlike IG, there was no effect due to duration of harvest observed on LB for any of
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the parameters (MLH, AGR, and RGRh) (Table 3.8). During the 2008 harvest year,
season MLHs of LB plants were affected by harvest interval (Table 3.8). Plants were
generally taller for longer harvest intervals (P <0.02). In Y108, plants were tallest for the
90-d treatment (65 cm), but only taller than the 40- (33 cm), 60- (32 cm), and 30-d (26
cm). For LB in Y207, MLHs were greatest for the 120-d treatment, and only differed
from the 60- (35 cm), 40- (28 cm), and 30-d (26 cm). Regarding AGR in the Y108 plots,
greatest value (0.6 cm d-1) was for the 30-, 40-, and 90-d treatments, which differed from
the 120-d (0.3 cm d-1) only. These MLH values for LB were also on the minimal end for
the range of 60 to120 cm at maturity in Mississippi (Jones et al., 2007). Shorter MLHs
for the shorter harvest intervals were expected because most plants were still at the
vegetative phase. Maximum height here would be limited to length of fully grown leaf
(17.7 cm) plus that of leaf sheath (7.8 cm) (Boe and Bortnem, 2009) which would add up
to 25.5 cm when stretched. This matched the measured MLH for the 30-d interval but
shorter than all other treatments. This implied that MLH for these treatments were
influenced by sheath or stem elongation, which could elevate meristems above the cutting
height. This was likely the case for the 40-d and longer intervals in the present study,
which resulted in delayed regrowth. This usually happens as plants have to start over on
new leaf primordia and newly initiated axillary buds (Briske, 1986; Briske, 1991). In
Y207, AGR was greatest for the 30-d (Table 3.8) and differed from all others treatments,
except the 40-d. For shorter harvest intervals, LB plants also had greater RGRh values.
The greatest RGRh value (0.8 mm cm-1 d-1) for the 30- and 40-d treatments differed from
the 60- and 120-d in the Y108 plots. In the Y207 plots, RGRh was greatest for the 30-d
(0.9 mm cm-1 d-1) and differed from all except the 40-d treatment. Greater RGRh for LB
for the shorter harvest intervals suggested a potential for quality forage yield with
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appropriate management strategies. However, the RGRh values for LB were only about
half their corresponding IG values (Table 3.7) which were also about twice as tall. This
suggested that, in mixed stands, regrowth of LB could also be limited by shading effect
of neighbors. This becomes even more serious when harvesting is close to/or in the
reproductive phase, which causes greater loss of intercalary meristems. The required
time lag for growth to resume from newly developed leaf primordia or axillary buds
(Hyder, 1974; Briske, 1986) makes LB a disadvantaged competitor for light. This may
partly explain the observed greater magnitude of decline in post defoliation growth rates.
Thus delayed harvesting in mixed stands may often reduce proportions of LB in
subsequent harvests and suppress its survival in the stand.
Post-season plant height of indiangrass in 2009
While assessing plots for duration of harvest effect offers limited differences
during the growing season, assessing effects of prior harvest intervals and harvest
duration on post-season stand recovery, based on May harvest, offers more information.
Results of post-season assessment on 2009 IG and LB data are presented (Table 3.9 and
3.10, uppercase letters). Post-season MLH in plots entering their first (Y109), second
(Y208), and third (Y307) harvest year were compared. This assessment was an indicator
of initial plant growth in spring, reflecting effects of previous year‟s harvest intervals on
plant health, which impacts plant persistence and grassland fauna. Among the previously
harvested plots (Y208 and Y307), harvest duration had no effect on MLH, AGR or RGRh
for IG (Table 3.9 left). Since the Y208 and Y307 plots were treated the same in the 2008
growing season, they would face similar limitations to root growth, and basal buds
formation, within treatment. Additionally, growth of forbs which compete with
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defoliated grasses for light would also be suppressed. This makes spring growth of IG in
the harvested plots more dependent on current growth environment mainly soil moisture
(Mullahey et al., 1990) and fertility (Lee et al., 2007). However, between harvested and
unharvested (Y109) plots, differences were observed. In harvested plots, MLH and AGR
values were less (P <0.001) than for their corresponding Y109 plots (Table 3.9). Except
for the 30-d treatment, RGRh values for IG showed no difference attributable to harvest
duration. Within both Y208 and Y307 plots, all harvest intervals resulted in shorter MLH
ratings for IG plants compared to the control (Y109). This indicates that for both IG and
LB, spring growth was slower for plots harvested in the preceding growing season. This
was so because previously harvested plots usually start spring growth with less
carbohydrate reserves, fewer basal buds and less developed root systems (Briske, 1991).
However, lack of differences between Y208 and Y307 plots suggested that harvesting for
two consecutive years did not impact recovery spring growth any further, for IG or LB.
This suggested that as long as plants can establish new tillers, and such requirements as
soil moisture, nutrients and solar radiation are not limiting, compensatory mechanisms in
IG can mask differences due to duration of previous defoliation.
As expected, at the May harvest of 2009, no treatment differences in MLH were
noted for IG in the Y109 plots (never harvested before) (Table 3.9). In the second year
(Y208) plots, MLH for IG were shorter (P <0.001) than the 74 cm in the control (Table
3.9, lowercase letters). However, differences in MLH among harvested plots did not
follow a clear treatment trend. Plants were tallest for the 60-d treatment (56 cm), but
only taller than the 30-d (44 cm) and the 90-d (45 cm) treatments. In the Y307 plots
(second year plots in 2008), plants were also shorter in harvested plots than the 74 cm in
control plots, but showed no treatment differences. MLHs ranged from 43 cm for the 40136

to 55 cm for the 60-d treatments. This also agreed with the observed lack of differences
in post-season TWs (Table 3.2). This supported the assertion that long recovery time in
spring allows compensatory growth mechanisms to mask treatment differences due to
preceding intensity of defoliation (Oesterheld, 1992; Hannaway et al., 2000). It also
indicated potential for strategic management to increase post-season forage yield from
mixed stands of IG and LB with similar response, independent of previous harvest
intensity. These could involve removing standing dead mass by mowing or springburning and fertilizer application. Such yield increases have been observed on BB in
previously defoliated stands (Perry and Baltensperger, 1979) in response to fertilizer
nitrogen. However, this may not work with excessive defoliation intensities as earlier
observed on Lymus chinensis (Zhao et al., 2008) where intensive clipping and drought
depressed biomass growth rates even during enriched nutrient conditions. Corresponding
post-season AGR values for IG, were greater in the first year (Y109) plots (never
harvested before) than their second (Y208) or third (Y307) year counterparts. However,
harvest duration had no effect on recovery spring growth for IG in plots harvested for one
(Y208) or two (Y307) years (Table 3.9, uppercase letters). Except for the 30-d treatment,
growth rates of IG based on plant height measurements, expressed as RGRh, were not
affected by harvest duration (Table 3.9, uppercase letters). For the 30-d treatment, IG
grew relatively faster in the first year (Y109) plots than their corresponding Y208 or
Y307 plots. Still, differences in RGRh between Y208 and Y307 plots were not observed.
As mentioned earlier, differences in post-season growth due to previous defoliation
resulted from a combination of factors; reduced root biomass, fewer dormant axillary
buds and depletion of carbohydrate reserves (Hannaway et al., 2000). This never
happened to plants in Y109 which had never been harvested. It still appeared that, as
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long as plants were not excessively damaged, negative impacts of previous defoliation
events had no additive effect. It is also possible that plants in plots treated the same in
the preceding season, achieved a uniform reduction in cover of forbs thus allowing IG
plants equal access to light and, therefore, similar leaf extension rate.
Within harvest duration, plants had slower AGR in treatment plots than the
control (Table 3.9, lowercase letters). However, among harvested plots, treatment
differences were only in second year (Y208) plots (P <0.001). In these plots the 30- and
90-d treatments had the least AGR value (0.9 cm d-1) but only less than the 60-d. The
inconsistent trend of treatment differences in Y208 plots and their complete absence in
Y307 plots supported the assertion that post-season growth of IG was more influenced by
current environment than intensity of previous defoliation. Similarly, reatment
differences in post-season RGRh for IG were not observed in the second (Y208) or third
(Y307) year plots. In the first year (Y109) plots, differences in RGRh for IG were only
between the 30- and 120-d treatments. However, because the Y109 plots were never
harvested before, a treatment trend in plant growth was not expected. Among harvested
plots, lack of treatment difference in post-season growth could be attributed to IG‟s
compensatory growth mechanisms. These likely allowed faster growth for plants under
shorter harvest intervals compared to their less stressed counterparts. Strategic
management can optimize on these compensatory growth mechanisms to improve
recovery growth in spring, which has implication on habitat quality for grassland fauna.
Post-season plant height of little bluestem in 2009
With mixed stands, species differences in response to defoliation may lead to
changes in botanical composition under a harvest regime. Understanding how growth of
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LB is influenced by harvest regimes in a mixed stand is helpful in developing strategies
to improve post-harvest species diversity. In the current study, post-season MLHs of LB
recorded at the May 2009 harvest in first (Y109), second (Y208), and third (Y307) year
plots were compared (Table 3.10). As for IG, (Table 3.9) differences in MLH of LB at
May harvest were only between the new first year (Y109) plots and their previously
harvested counterparts (Y208 and Y307) (Table 3.10, uppercase letters). In Y109 plots,
LB plants were taller than in Y208 and Y307 plots, which were similar. Similarly, there
were no differences in AGR and RGRh between LB in Y208 and Y307 plots observed.
Lack of differences due to harvest duration effects on LB height records was likely
attributable to the long recovery growth allowed in spring. Because soil moisture in
April and May was not limiting (Fig. 3.3), long recovery period allowed spring growth to
mask the negative effects of previous defoliation.
Within harvest duration, differences in MLH and AGR for LB were only
observed in theY208 and Y307 plots between control and all treatments (P <0.001). As
for IG (Table 3.9), the lack of treatment and harvest duration effects among harvested
plots on post-season growth of LB was also attributable to compensatory growth.
However, random treatment differences for RGRh in Y109 plots were noted. In the
control plots, RGRh was greater (1.8 cm cm-1 d-1), than the 40- (1.2 cm cm-1 d-1) 60- (1.3
cm cm-1 d-1) and 120-d (1.1 cm cm-1 d-1) treatments, while the 40- and 120-d treatments
did not differ. Since these plots had no defoliation history, RGRh was based a common
basal height, which may have over- or underestimated actual growth rates. In Y208 and
Y307 plots, RGRh values were greater in the control (1.8 cm cm-1 d-1) than the treatment
plots. However, among harvested plots, treatment differences were only between the 30and 120-d treatments in Y307 (P <0.04).
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Season plant height of indiangrass in 2009
Harvest intervals were also assessed for their effects on season (June-September)
MLH and growth rates, recorded at each harvest event in 2009 (Table 3.11). While
comparison of post-season plant height data (Table 3.9 and 3.10) assessed treatment
effects on stand recovery, comparison of season MLH data would indicate treatment
effects on stand health sustained during the growing season. In 2009 season, comparison
was also possible between plants in theY307 plots, retired after the mid-May in 2009.
Differences in MLH and AGR of IG, due to harvest duration, were only noted for the 30and 60-d treatments (Table 3.11, uppercase letters). For these treatments, IG plants were
shorter in the second (Y208) than first year (Y109) and the retired (Y307) plots. The
noted greater MLH in Y109 and Y307 could be associated with the rapid elongation of
leaf sheath and stems of reproductive tillers. This would be more pronounced in Y109
which were not harvested earlier than in Y208 plots where plants had suffered repeated
cessation of root growth. This would also apply to Y307 plots where after the May
harvest, plants were left undisturbed. For the 30-d, however, plants in retired (Y307)
plots had greater values for both MLH and AGR than those in first year (Y109) plots.
Within harvest duration, treatment differences in MLH (P <0.001) were observed
(Table 3.11, lowercase letters). Shorter plant heights, for IG, were associated with
shorter harvest intervals. In the Y109 plots, plants were taller in the control and the
longer harvest intervals (120- and 90-d). While plants for the 90- and 120-d intervals in
Y208 plots were not as tall as in the control plots (124 cm), they were taller than in the
other more intensive harvest treatments. Lower MLH values were expected with the
shorter harvest intervals for two reasons: 1. Frequently harvested plants likely suffered
cessation of root growth (Briske, 1991) which limited their capacity for nutrient uptake,
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2. For the shorter harvest intervals, plants were mostly maintained in the vegetative phase
where increase in plant height would be limited to leaf blade extension only (Hannaway
et al., 2000). For the same reasons, AGR and RGRh values would be greater for shorter
harvest intervals because recovery growth is relatively faster from intercalary meristems
than from new leaf primordia or axillary buds (Gold and Caldwell, 1989; Briske, 1991).
This would be the case in the longer harvest intervals. In the Y307 plots (retired after
May 2009), differences evident in Y109 and Y208 disappeared. This was rather expected
because plants were never harvested through the season. However, the fact that plants, in
Y307 plots grew faster for the 30-d treatment, though they had numerically less MLH
values, suggestes that maturity for this treatment was also delayed. This would allow
plants to maximize their photosynthetic leaf areas to match their greater carbon demand
for compensatory growth (Culvenor et al., 1989; Stichler, 2002). Compensatory growth
response of IG plants was more clearly expressed in the corresponding RGRh values.
There were no differences in RGRh due to harvest duration observed. This suggested
that recovery from defoliation, within a growing season, was influenced more by current
defoliation and growing conditions than previous intensity of defoliation. This was even
more evident in the treatment differences within harvest duration (Table 3.11, within
columns). Relatively, IG plants grew faster for shorter harvest intervals in all harvest
durations. Similarly, treatment differences in RGRh were less in Y307 plots (retired)
indicating that, for IG, recovery growth following a common defoliation event (mid-May
in this case) was less influenced by previous defoliation intensity.
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Season plant height of little bluestem in 2009
In the 2009 harvest year, assessment of growth response to treatment for LB
(Table 3.12) followed patterns similar to those observed earlier for IG (Table 3.11).
However, notable species difference in plant heights influenced response to defoliation in
the mixed stands. While MLH of LB, in the control plots, was 78 cm (Table 3.12), it was
124 cm for IG (Table 3.11). For the 120-d treatment, MLH for LB was 33 to 63 cm but
ranged from 82 to 121 cm for IG. These height differences suggested that, growth of LB
in the mixed stands, suffered shading effect of neighbors (perennials and opportunistic
annuals), which masked effects of harvest duration on growth rate, within treatment. The
harvest regimes did not cause differences in MLH or AGR, for LB, due to duration of
harvest except for the 120-d treatment (Table 3.12, uppercase letters). For this treatment,
plants in first year plots (Y109) had greater MLH and AGR values than in the second
year (Y208) and retired (Y307) plots. Greater MLH values for the 120-d treatment in
Y109 than Y208 or Y307 was rather expected. The first defoliation was in May, which
removed accumulated dead standing material creating better light environment. Leaf
regrowth after May harvests could be faster as plants in Y109 still had intact root
systems. Unisterupted root growth in Y109 would allow faster nutrient uptake compared
to their previously defoliated counterparts which would have experienced repeated root
growth cessation (Stichler, 2002). Within harvest duration, treatment differences in MLH
were observed (Table 3.12, lowercase letters). Plants in Y109 and Y208 plots were taller
for longer harvest intervals (P <0.001) but treatment differences were rather overlapping.
However, differences were only between the 120-d (63 cm) and the 60- (37 cm), and also
the 40- (31 cm) and 30-d (25 cm) treatments. In the harvested Y208 and Y307 plots, LB
plants were shorter than in the control (78 cm). However, treatment differences, among
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harvested plots, were only noted between the 90- and 60-d harvest intervals in Y208
plots. In Y109 plots, differences in MLH between the 90- and 120-d treatments were not
expected because both were harvested only once in May and regrowth measurements
taken on fully grown plants. Reasons for this inconsistency were not known. For the
shorter harvest intervals, plants would be shorter as were maintained more or less at the
vegetative phase. However, treatment differences in MLH for LB in the mixed stands
were often limited by the shading effect of neighbors due to its short stature. Treatment
differences in MLH of LB, in the retired (Y307) plots, were not detected. This implied
that recovery was at the same rate for all treatments, similar to IG (Table 3.11), indicating
that LB also exhibited compensatory growth response to the defoliation. This enabled
recovering plants to mask differences due to previous defoliation intensities, implying
that LB could tolerate frequent partial defoliation, in the mixed stands. With proper
management, this would ensure stand longevity in hay fields. On the same data,
treatment differences in AGR were not observed for LB plants in Y109 plots. In older
plots, however, differences were observed (P <0.001). In the Y208 plots, LB plants had
greater AGR for the 30-d treatment and the control (0.8 cm d-1). This growth rate
decreased as harvest intervals increased for all other treatments. Observed greater AGR
for shorter harvest intervals demonstrated inherent ability of LB to quickly replace lost
leaf area and restore photosynthetic capacity. Growth for the shorter harvest intervals
was mainly from intercalary meristems, usually faster than from new leaf primordia
where growing points were removed (Gold and Caldwell, 1989; Briske, 1991). This
implied that, at short harvest intervals, high plant vigor for LB in the mixed stands was
maintained, which if managed appropriately could improve forage yield. In the retired
(Y307) plots, AGR was greatest for the 30-d treatment (1.1 cm d-1) followed by the 40-d
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(0.7 cm d-1) and control (0.8 cm d-1), decreasing as harvest intervals increased; least for
the 120-d interval. This indicated that for the 30-d treatment, LB plants were relatively
less damaged by previous defoliation compared to their counterparts at longer harvest
intervals. That frequent defoliation relieved LB of competition for light, from tallgrowing neighbors, enabling it to establish better in the stand. As mentioned earlier, for
the 30-d treatment, growing points of LB plants were rarely elevated above the cutting
height due to its short stature. This made leaf area replacement easier and faster than for
the longer harvest intervals where most plants had elevated growing points above the
cutting height.
To eliminate influence of initial plant size on regrowth response, treatments were
also compared by RGRh values, and findings were in trends similar to that of AGR. For
all treatments, LB showed no difference in RGRh due to harvest duration (Table 3.12
between columns). Within harvest durations, however, RGRh values were greater (P
<0.001) in control than all treatment plots, except for the 30-d ones, (Table 3.12,
lowercase letters). Among harvested plots (Y109 and Y208), RGRh values were greatest
for the 30-d treatment, and decreased as harvest intervals increased. However, in Y109
plots, differences were only between the 30-d (1.2 mm cm-1 d-1) and all other treatments
which were similar. In the Y208 and Y307 plots RGRh values for the 40-d were midway between the 30-d and all other treatments. These results confirmed the assertion that
at short harvest interval, where most growing points were spared, survival and growth of
LB in the mixed stands was favored. The opposite was true for the longer harvest
intervals where most growing points were removed, which necessitated regrowth from
new leaf premordia and axillary buds. For mixed stands containing LB, therefore, closer
attention to timely harvesting would ensure more forage yield and stand persistence.
144

Post-season plant height of indiangrass in 2010
Assessment of effects of cutting frequency and harvest duration on stand recovery
was repeated in 2010 on post-season mid-May MLH records, to check for year effect
(Tables 3.13 and 3.14). There being no fresh plots added to the study in 2010, plots were
not renamed. No difference in MLH or AGR due to harvest duration were noted, for IG,
in all first (Y109) and second (Y208) year plots of the 2009 season or the retired (Y307)
plots (Table 3.13, uppercase letters). There were also no differences due to harvest
duration in RGRh except for the 40- and 120-d intervals. For these harvest intervals,
RGRh values for IG were greater in both Y208 and Y307 than the Y109 plots. Within
any harvest duration, however, treatment differences in MLH, AGR and RGRh, were not
observed. These results confirmed those for the 2009 data (Table 3.9) indicating none of
the studied harvest intervals was severe enough to impair post-season recovery growth.
Similarly, harvesting for two consecutive years did not impose permanent damages on IG
plants to affect post-season recovery growth. This implied that for different goals,
managers may use any of the five harvest intervals without compromising subsequent
growth of IG. In this case, the 30- and 40-d treatments, which showed desirable forage
quality attributes were advisable for a haying operation. It also follows that, for the
studied harvest intervals, managers could improve post-season growth performance of IG
in mixed stands by concentrating more on the current season management.
Post-season plant height of little bluestem in 2010
There were slight differences in post-season plant heights and growth rates for LB
(Table 3.14) compared to patterns observed for IG (Table 3.13). While for the 40- and
120-d treatments, harvest duration effects on RGRh of IG were noted, there was no
harvest duration effect for LB. Furthermore, while IG showed no difference between any
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harvested plot and the control in all parameters, some differences were noted for LB.
Within harvest duration, LB plants in harvested plots (Y109 and Y208) had smaller
MLH, AGR, and RGRh values compared to the control. However in the retired (Y307)
plots, there was no difference between any treatment and control for MLH or AGR
values. In these Y307 plots, LB plants had slower RGRh values than the control (0.9 mm
cm-1 d-1) for all treatments. However, among the harvested plots LB plants still showed
no treatment difference in RGRh. The noted difference between harvested and control
plots in the studied variables (MLH, AGR, and RGRh) for LB indicated that performance
of LB in mixed stands was relatively more depressed by defoliation and that recovery for
LB was much slower compared to IG (Table 3.13). This calls for closer management
attention to ensure survival of LB under haying management.
Summary and conclusions
In mixed NWSG stands of BB, IG, and LB, whole plot harvest duration affected
mean season TW of IG but not the corresponding SLA, NAR, LAR, or RGRw. Within
treatment, TW of IG plants was heavier in first than second harvest year plots. In both
first and second year plots, TW increased with lengthening of harvest intervals, but with
no effect on mean season NAR. Correspondingly, SLA decreased as harvest interval
increased, but treatment differences were only in the first year plots. As harvest interval
increased, LAR and RGRw decreased in both first and second year plots, as expected.
Data indicated that IG tolerates frequent defoliation with faster leaf growth following
defoliation, but subsequent growth rates decline once lost leaf area is replaced. This
compensatory leaf growth can be optimized by timely harvesting to maximize forage
yield and quality in mixed stands dominated by IG.
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For LB, harvest duration had no effect on any measurement of TW or the
corresponding growth components. For LB, TW increased with lengthening of harvest
interval, but differences were in first year plots only. Lengthening of harvest interval
decreased SLA but only for the second year plots. As for IG, treatment had no effect on
NAR, but LAR and RGRw decreased as harvest intervals increased. Data indicated that
at the same cutting height, regrowth of LB in mixed stands was more influenced by
shading effect of its tall-growing neighbors than frequency of defoliation.
Within harvest season (June-September) mean TWs of both IG and LB were less
for retired (previously harvested) plots by over 50% when compared to unharvested
control. However, there were no differences between control and harvested plots for the
corresponding tiller growth attributes (NAR, LAR, and RGRw). Data indicated that
recovery growth of IG and LB in retired mixed NWSG stands was less influenced by
previous intensity of defoliation than ambient growing conditions.
Post-season TW for IG and LB were less in harvested plots compared to the
unharvested control, but differences were at greater magnitudes (>50%) for LB.
Differences between control and harvested plots were not observed for the corresponding
tiller growth attributes. Spring recovery growth of IG and LB in the mixed NWSG stands
was more influenced by current growing conditions than previous intensity of defoliation.
Except for the 90-d treatment, harvest duration had no effect on season MLH,
AGR or RGRh of IG in the mixed NWSG stands. Lengthening of harvest intervals
increased MLH, but the corresponding AGR and RGRh values decreased. For LB,
harvest duration had no effect on MLH, AGR, or RGRh. In both first and second year
plots, MLH increased with lengthening of harvest duration while AGR and RGRh
decreased. Within season, frequent defoliation induced compensatory vegetative growth
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response in both IG and LB. A year difference was noted with respect to effect of harvest
duration on plant height for both IG and LB. Within harvest duration, MLH values were
greater in the control than any harvested plot, but increased with lengthening of harvest
intervals. For both species, AGR and RGRh decreased with lengthening of harvest
interval.
Post-season regrowth of IG plants in harvested plots matched the unharvested
control in MLH and AGR, showing no harvest duration or harvest interval effect.
However, RGRh tended to be less in first year plots, than the second and retired plots.
For LB in harvested plots, neither harvest duration nor harvest interval affected plant
height or growth rate. However, plants were shorter in harvested plots than in the
unharvested control plots. In retired plots, MLH and AGR were not different. Data
indicated that both IG and LB regrew faster immediately after defoliation but close to or
at plant maturity, height increased at slower rate. Faster shoot growth rate occurred at
shorter harvest intervals, implying a potential for increased quality forage production
under proper harvest management. Lack of treatment and harvest duration differences in
post-season plant height indicated that forage harvest in mixed NWSG stands dominated
by IG and LB might not compromise early season fauna habitat.
Further studies on effects of timing of start and end of harvest season on recovery
growth in the next year are needed. Studies on other common grassland management
practices for forage and wildlife habitat on growth performance of IG and LB in mixed
stands are also needed. These include fertility after harvest as well as spring-burning.
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Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem.
TW, tiller weight; SLA, specific leaf area; NAR, net assimilation rate; LAR, leaf area ratio; RGR, relative growth rate.
§
Number of cuts per season with days between successive cuts in brackets.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
The probability of difference between means within a column, α=0.05.
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Effects of cutting frequency on season mean tiller growth of indiangrass (Sorghastrum nutans) and little bluestem
(Schizachyrium scoparium), in mixed native grass stands† for June-Sep. regrowths in 2008

Frequency

Table 3.1
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Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem.
TW, tiller weight; SLA, specific leaf area; NAR, net assimilation rate; LAR, leaf area ratio; RGR, relative growth rate.
§
Number of cuts per season with days between successive cuts in brackets.
¶
The probability of difference between means within a column, α=0.05.
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Effects of cutting frequency on post-season tiller growth of indiangrass (Sorghastrum nutans) and little bluestem
(Schizachyrium scoparium) in mixed native grass stands† recorded in May 2009

Frequency

Table 3.2
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Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
TW, tiller weight; SLA, specific leaf area; NAR, net assimilation rate, LAR, leaf area ratio, RGR, relative growth rate.
§
Y109 and Y208 are first and second year plots established in 2009 and 2008, respectively, treated alike in 2009.
¶
Number of cuts per season with days between successive cuts in brackets.
#
Means followed by different lowercase letters within a column or uppercase letters within a row differ significantly, α=0.05.
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Effect of cutting frequency and harvest duration on season mean growth of indiangrass (Sorghastrum nutans) tillers in
first and second harvest year mixed native grass stands† for June-Sep. regrowths in 2009

Frequency
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10.6d

0.0001

24.1a

19.4b

15.0c

10.7d

8.4e

mg g-1 d-1___
8.3e

____

Y109

RGR

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem.
TW, tiller weight; SLA, specific leaf area; NAR, net assimilation rate, LAR, leaf area ratio; RGR, relative growth rate.
§
Y109 and Y208 are first and second year plots established in 2009 and 2008, respectively, treated alike in 2009.
¶
Number of cuts per season with days between successive cuts in brackets.
#
Means followed by different letters within a column differ significantly, α=0.05.
††
The probability of difference between means within a column, α=0.05.

†

0.5a#

2(120)¶

_________

Y109§

TW‡

Effect of cutting frequency and harvest duration on season mean growth of little bluestem (Schizachyrium scoparium)
tillers in first and second harvest year mixed native grass stands† recorded in June-Sep. regrowths in 2009

Frequency

Table 3.4

159

1.7b

1.5b

1.2b

1.4b

1.6b

0.0006

2(120)¶

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.5054

112

116

100

116

108

098

0.5456

0.31

0.33

0.25

0.36

0.33

0.44

0.3649

49

41

51

35

35

26

cm2 g-1

LAR

0.2559

8.4

8.3

8.5

8.3

8.3

8.3

mg g-1 d-1

RGR

0.0005

0.5b

0.4b

0.3b

0.4b

0.4b

1.5a

g

TW

0.3821

133

132

138

139

137

118

cm2 g-1

SLA

0.2788

0.22

0.18

0.19

0.27

0.25

0.33

g cm-2 d-1

NAR

LAR

0.4810

56

57

62

55

51

32

cm2 g-1

Little bluestem

0.3718

8.4

8.4

8.4

8.4

8.3

8.3

mg g-1 d-1

RGR

‡

Plots established in 2007 and harvested for two consecutive harvest years; harvested last in mid-May of 2009.
Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem.
§
TW, tiller weight; SLA, specific leaf area; NAR, net assimilation rate; LAR, leaf area ratio; RGR, relative growth rate.
¶
Number of cuts per season with days between successive cuts in brackets.
#
Means followed by different lower case letters within a column differ significantly, α=0.05.
††
The probability of difference between means within a column, α=0.05.

†

4.1a#

g cm-2 d-1

cm2 g-1

g

Control

NAR

SLA

TW§

Indiangrass

Effects of cutting frequency on season mean growth of indiangrass (Sorghastrum nutans) and little bluestem
(Schizachyrium scoparium) tillers in retired† and control (unharvested) plots of mixed native grass stands‡ in 2009

Frequency

Table 3.5

160

0.5b

0.4b

0.5b

0.5b

0.4b

0.0023

2(120)#

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.6552

125

119

123

115

125

134

0.3028

0.19

0.20

0.20

0.22

0.19

0.18

0.6461

85

84

85

76

86

87

0.3037

15.9

16.1

16.0

15.8

16.0

15.5

mg g-1 d-1

RGR

0.0019

0.07b

0.08b

0.07b

0.07b

0.07b

0.15a

g

TW

0.0696

153

160

178

184

170

178

cm2 g-1

SLA
-1

0.0905

0.17

0.17

0.14

0.14

0.15

0.14

-2

g cm d

NAR

cm2 g-1

LAR

0.2584

102

102

116

116

110

115

little bluestem

0.5713

15.7

15.4

15.5

15.4

15.5

15.5

mg g-1 d-1

RGR

‡

Plots established in 2008 or 2009 which, in 2009, completed their second or first harvest year, respectively; Pooled data.
Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem.
§
TW, tiller weight; SLA, specific leaf area; NAR, net assimilation rate; LAR, leaf area ratio; RGR, relative growth rate.
#
Number of cuts per season with days between successive cuts in brackets.
¶
Means followed by different letters within a column differ significantly, α=0.05.
††
The probability of difference between means within a column, α=0.05.

†

0.7a¶

Control

cm2 g-1

-1

-2

cm2 g-1

g

g cm d

LAR

NAR

SLA

TW§

Indiangrass

Effects of cutting frequency on post-season growth of indiangrass (Sorghastrum nutans) and little bluestem
(Schizachyrium scoparium) in harvested† and control (unharvested) plots of mixed native grass stands‡, in May 2010

Frequency

Table 3.6

161

96a B
91ab
56b
56b
0.0058

2(90)

3(60)

4(40)

5(30)

Pr>α#
0.0001

51c

48c

73c

146a A

103b

cm__________

Y207

0.0194

1.7a

1.1b

1.3ab

0.9b B

0.9b

__________

Y108

Y207

0.0021

1.5a

1.0b

1.1b

1.5a A

0.8b

cm d-1_________

AGR

0.0001

2.2a

1.4b

1.2bc

0.8c B

0.8c

______

Y108

Y207

0.0075

1.7a

1.3a

1.3a

1.4a A

0.8b

mm cm-1 d-1______

RGR

‡

Stands of indiangrass, big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y108 and Y207 are plots in their first and second harvest year established in 2008 and 2007, respectively.
¶
Means followed by different lowercase letters within a column or uppercase letters within a row differ significantly, α=05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

125a¶

2(120)#

___________

Y108§

MLH‡

Effects of cutting frequency and harvest duration on season mean growth of indiangrass (Sorghastrum nutans) plants
in first and second harvest year mixed native grass stands† based on heights of June-Sep. regrowths in 2008

Frequency

Table 3.7

162

65a
32bc
33bc
26c
0.0100

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.0111

26c

28bc

35bc

44ab

54a

cm__________

Y207

0.0504

0.6a

0.6a

0.4ab

0.6a

0.3b

__________

Y108

Y207

0.0414

0.7a

0.5ab

0.4b

0.4b

0.4b

cm d-1_________

AGR

‡

RGR
Y207

0.0495

0.9a

0.7ab

0.6b

0.6b

0.4b

mm cm-1 d-1______

0.0055

0.8a

0.8a

0.5b

0.6ab

0.3b

______

Y108

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem.
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y108 and Y207 are first and second harvest year plots established in 2008 and 2007, respectively.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

48ab¶

2(120)#

___________

Y108§

MLH‡

Effect of cutting frequency and harvest duration on season mean growth of little bluestem (Schizachyrium scoparium)
plants in first and second harvest year mixed native grass stands† based on heights of June-Sep. regrowths in 2008

Frequency

Table 3.8

163

72 A

74 A

73 A

65 A

72 A

0.3586

2(120)#

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.0001

44c B

50bc B

56b B

45c B

51bc B

74a¶

0.0013

50b B

43b B

55b B

51b B

54b B

74a

0.3586

1.4 A

1.3 A

1.4 A

1.5 A

1.4 A

1.5

Y307

0.0001

0.9c B

1.0bc B

1.1b B

0.9c B

1.0bc B

0.0013

1.0b B

0.9b B

1.1b B

1.0b B

1.1b B

1.5a

cm d-1_______________

Y208

1.5a

_______________

Y109

AGR

0.0318

2.0a A

1.4bc

1.5abc

1.7ab

1.2c

1.6abc

____________

Y109

Y307

0.1841

1.2 B

1.4

1.4

1.2

1.3

1.6

0.0526

1.2 B

1.0

1.2

1.3

1.2

1.6

mm cm-1 d-1___________

Y208

RGR

‡

Stands of indiangrass big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y109, Y208 and Y307 are first, second and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Means followed by different lowercase letters within a column or uppercase letters within a row differ significantly, α=05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

74

Control

Y307

cm________________

Y208

________________

Y109

MLH‡

Effect of cutting frequency and harvest duration on post-season growth of indiangrass (Sorghastrum nutans) in first,
second and third harvest year plots of mixed native grass stands† base on heights of spring regrowth in mid-May 2009

Frequency

Table 3.9

164

52 A

53 A

56 A

50 A

48 A

0.8038

2(120) #

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.0001

25b B

22b B

21b B

25b B

21b B

54a¶

0.0001

19b B

21b B

25b B

24b B

27b B

54a

0.8038

1.0 A

1.0 A

1.1 A

1.1 A

1.0 A

1.1

Y307

0.0001

0.5b B

0.4b B

0.4b B

0.5b B

0.4b B

0.0001

0.4b B

0.4b B

0.5b B

0.5b B

0.5b B

1.1a

cm d-1_____________

Y208

1.1a

_____________

Y109

AGR

0.0316

1.4abc A

1.2c A

1.3bc A

1.7ab A

1.1c A

1.8a

___________

Y109

Y307

0.0001

0.8b B

0.7b B

0.7b BA

0.8b B

0.7b B

1.8a

0.0001

0.5c B

0.6bc B

0.7bc B

0.7bc B

0.8b B

1.8a

mm cm-1 d-1__________

Y208

RGR

‡

Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y109, Y208 and Y307 are first, second and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Means followed by different lowercase letters within a column or uppercase letters within a row differ significantly, α=05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

054

Control

Y307

cm_______________

Y208

_______________

Y109§

MLH‡

Effect of cutting frequency and harvest duration on post-season growth of little bluestem (Schizachyrium scoparium)
in first, second and third harvest year mixed native grass stands† based on heights of spring regrowth in mid-May
2009

Frequency

Table 3.10

165

121a

112a

67b A

54bc

45c B

0.0001

2(120)#

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.0001

36c C

46c

46c B

76b

89b

124a

0.0004

55b A

56b

70b A

81b

82b

124a

0.0310

1.5a B

1.3ab

1.1b A

1.2b

1.2b

1.2b

Y307

0.0142

1.2a C

1.1ab

0.8c B

0.8c

0.9bc

0.0009

1.9a A

1.4b

1.2bc A

0.9c

0.8c

1.2bc

cm d-1_______________

Y208

1.2a

_______________

Y109

AGR

0.0001

2.1a

1.4b

1.2bc

1.4b

1.0c

1.4b

____________

Y109

Y307

0.0088

1.7a

1.6a

1.0b

1.1b

1.1b

1.4ab

0.0019

2.3a

1.7ab

1.3bc

1.2bc

0.9c

1.4bc

mm cm-1 d-1___________

Y208

RGR

‡

Stands of indiangrass big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y109, Y208 and Y307 are first, second and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Means followed by different lowercase letters within a column or uppercase letters within a row differ significantly, α=05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

124a¶

Control

Y307

cm________________

Y208

________________

Y109

MLH‡

Effect of cutting frequency and harvest duration on season mean growth of indiangrass (Sorghastrum nutans) in first,
second and third harvest year mixed native grass stands† based on heights of June-Sep. regrowths in 2009

Frequency

Table 3.11

166

63ab A

46bc

37c

31cd

25d

0.0001

2(120) #

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.0001

24bc

24bc

21c

34b

33bc B

78a

0.0001

33b

29b

26b

28b

32b B

78a

0.1349

0.8

0.8

0.6

0.5

0.6 A

0.8

_____________

Y109

Y307

0.0001

0.8a

0.6b

0.4c

0.4c

0.3c B

0.8a

0.0001

1.1a

0.7b

0.4c

0.3c

0.3c B

0.8b

cm d-1_____________

Y208

AGR

0.0003

1.2a

0.9b

0.7b

0.8b

0.6b

1.3a

___________

Y109

Y307

0.0001

1.2a

0.9b

0.6c

0.6c

0.5c

1.3a

0.0001

1.5a

1.0b

0.6c

0.5c

0.4c

1.2a

mm cm-1 d-1__________

Y208

RGR

‡

Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem.
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y109, Y208 and Y307 are first, second and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Means followed by different lowercase letters within a column orupper case letters within a row differ significantly, α=05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

78a¶

Control

Y307

cm_______________

Y208

_______________

Y109§

MLH‡

Effects of cutting frequency and harvest duration on season mean growth of little bluestem (Schizachyrium
scoparium) in first, second and third year mixed native grass stands† based on heights of June-Sep. regrowths in 2009

Frequency

Table 3.12

167

45

44

48

39

42

0.2356

2(120)¶

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.0709

41

45

42

36

39

50

0.6914

43

48

52

47

47

50

0.2356

0.8

0.7

0.9

0.8

0.8

0.9

Y307

0.0709

0.7

0.8

0.8

0.6

0.7

0.6914

0.8

0.9

0.9

0.8

0.8

0.9

cm d-1_____________

Y208

0.9

_____________

Y109

AGR

0.0978

1.1

0.7 B

0.9

0.9

0.7 B#

1.0

___________

Y109

Y307

0.1435

1.0

1.2 A

1.0

0.9

0.9 A

1.0

0.7177

0.9

1.0 A

1.0

1.0

0.9 A

1.0

mm cm-1 d-1___________

Y208

RGR

‡

Stands of indiangrass big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y109, Y208 and Y307 are first, second and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Number of cuts per season with days between successive cuts in brackets.
#
Means followed by different lowercase letters within a column or uppercase letters within a row differ significantly, α=05.
††
The probability of difference between means within a column, α=0.05.

†

50

Control

Y307

cm______________

Y208

______________

Y109§

MLH‡

Effects of cutting frequency and harvest duration on post-season growth of indiangrass (Sorghastrum nutans) in first,
second and third harvest year mixed native grass stands† based on heights of spring regrowth in mid-May 2010

Frequency

Table 3.13

168

22b

16b

22b

19b

21b

0.0159

2(120) #

2(90)

3(60)

4(40)

5(30)

Pr>α††
0.0243

21b

18b

18b

17b

17b

31a

0.0747

23

24

21

22

17

31

0.0159

0.4b

0.3b

0.4b

0.3b

0.4b

0.6a

_____________

Y109

Y307

0.0243

0.4b

0.3b

0.3b

0.3b

0.3b

0.6a

0.0747

0.4

0.4

0.4

0.4

0.3

0.6

cm d-1_____________

Y208

AGR

0.0004

0.5b

0.4b

0.5b

0.4b

0.4b

0.9a

___________

Y109

Y307

0.0063

0.6b

0.5b

0.5b

0.5b

0.5b

0.9a

0.0191

0.5b

0.6b

0.6b

0.6b

0.4b

0.9a

mm cm-1 d-1__________

Y208

RGR

‡

Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem.
MLH, mean leaf height; AGR, absolute growth rate; RGR, relative growth rate.
§
Y109, Y208 and Y307 are first, second and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Means followed by different letters within a column differ significantly, α=05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

31a¶

Control

Y307

cm_______________

Y208

_______________

Y109§

MLH‡

Effects of cutting frequency and harvest duration on post-season growth of little bluestem (Schizachyrium scoparium)
in first, second and third harvest year mixed native grass stands† based on regrowth heights in mid-May 2010

Frequency

Table 3.14

169

Figure 3.1

Plot arrangement, in one replication, showing establishment sequence

Five first-year plots (Y1) established in mid-May from 2007 to 2009, each with marked
and monitored indiangrass and little bluestem plants assigned to 30-, 40-, 60-, 90-, and
120-d harvest intervals. In each year plots are labeled Y1, Y2 or Y3 indicating plots
beginning their first, second and third harvesting year. Plots are 7.5 m long and 1 m wide
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Year

TRT

May

2007

June
1

120 (2)‡

15§

90 (2)

15

60 (3)

15

40 (4)

15

30 (5)

15

120 (2)

13

90 (2)

13

60 (3)

13

40 (4)

13

30 (5)

13

120 (2)

21

90 (2)

21

60 (3)

21

40 (4)

21

30 (5)

21

†

2

3

August

July
4

1

2

3

Sep

Oct-Dec

4
15

15
15
25
14

15
5

15

15
15

15

2008
23
18
16
23
16

23
4

16

23
18

23

2009
30
24
21
30
22

30
10

21

30
24

30

2010
All

Figure 3.2

25

Plot harvest dates by treatment and year.

†

One of four weeks in the indicated month. ‡Days between successive harvest events
with total harvests per year in brackets. §Actual harvest date for the indicated treatment
(TRT) in the corresponding year
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250

2007
2008
2009

Rainfall (mm)

200
150
100
50
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 3.3

Temporal trends in monthly rainfall total (mm) during the study period,
2007 to 2009, Aberdeen, MS

35

2007
2008
2009

Temperature (ºC)

30
25
20
15
10
5
0

Figure 3.4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Temporal trends in monthly mean temperature (ºC) during the study period,
2007 to 2009, Aberdeen, MS
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CHAPTER IV
SWARD STRUCTURE AND BOTANICAL COMPOSITION RESPONSE OF MIXED
NATIVE WARM-SEASON GRASS STANDS TO SIMULATED GRAZING IN
MISSISSIPPI
Abstract
In the southeastern USA, promotion of native warm-season grasses (NWSG) as
forage species with desirable habitat quality features lacks information on appropriate
management strategies. Mowing mixed NWSG stands impacts sward structure and
species diversity thus influencing forage production and wildlife habitat quality. A
harvesting trial was conducted at B. Bryan Farms Clay County, MS to evaluate effects of
five harvest intrvals (30-, 40-, 60-, 90 or 120-d) and harvest duration in mixed NWSG
stands [indiangrass (IG, Sorghastrum nutans), big bluestem (BB, Andropogon gerardii)
and little bluestem (LB, Schizachyrium scoparium)]. Visual estimates of ground cover by
vegetation and plant litter and measurements of sward height and canopy closure were
recorded at each harvest. After each harvest, frequency of occurrence of plant species,
litter and bare ground were recorded. Treatments did not affect grass or forb cover, but
harvest duration increased total grass cover and reduced occurrence of forb species. All
harvest intervals reduced litter cover by about 42%, but increased bare ground by 28%.
Year effect (rainfall and temperature) and accidental spring-burn increased mean grass
cover in May 2010 to 78% (30-d), which only differed from the 120-d (71%) and control
(57%). After the fire, cover by forbs and litter declined by 50 and 60%, respectively.
173

Season sward height was shortest for the 30-d treatment, taller in retired than first and
second year plots, and all shorter than unharvested control. Canopy closure was greatest
for the 60-d than all other treatments and in retired plots than the first and second year
plots at shorter harvest intervals. Neither treatment nor harvest duration affected postseason sward height or canopy closure. Treatments did not affect occurrence of
herbaceous or tall forbs, grasses, shrub-like or plant litter, but increased bare ground.
Harvest duration increased herbaceous forbs, LB and Andropogon virginicus seedlings,
decreased IG but not BB or other perennials. Occurrence of tall forbs and litter increased
in the retired plots while bare ground decreased. Data indicate that harvesting improved
diversity of forbs by reducing competition from tall grasses. Occurrence of the dominant
forb (Solidago canadensis) was controlled during harvest years.
Introduction
Anthropogenic disturbances are known to influence ecological interactions among
ecosystem components in managed plant communities. Over the years, human beings
used such disturbances to induce desired ecological changes in their environment. These
measures included clearing or burning vegetation to prepare seedbeds and remove dead
standing mass to stimulate new growth of forage plants, or reduce bush encroachment in
favor of grasses (Knapp and Seastedt, 1986). Tillage also was conducted to influence
ecological interactions in favor of desirable plants. Some unintended, sometimes
unnoticed effects of man-made ecological disturbances include soil erosion, and changes
in soil moisture retention and fertility status following removal of plant litter and faster
oxidation of soil organic matter (Reicosky et al., 1995; Roberts and Gilliam, 1995).
Although these changes impacted habitat quality for wild fauna differently, they had no
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drastic effects on the wildlife probably due to their infrequent application. Following the
rapid expansion and mechanization of farm operations, more wildlife habitats were
permanently converted into row cropping (Shea, 1999). This caused total habitat loss and
fragmentation or isolation of remnant patches forcing wildlife to rely on the unsafe
farmlands for food and cover (Shea, 1999; Wilson et al., 2005). This increased predation
risks for lack of cover and also mortality of young ones unable to escape farm machinery
operations. Before the massive conversion of grasslands into farmlands, wildlife derived
basic ecological services including cover, food, water, and shelter from the native
tallgrass prairies (Shea, 1999; Wilson et al., 2005). Being heterogeneous in composition
and sward structure, natural grasslands met specific habitat qualities for different species.
Agricultural intensification in the southeastern U.S. also involved the replacement
of native forage grasses with exotic species which have poor habitat quality features.
This had severe impact on populations of ground-nesting grassland birds which declined
rapidly (Brenna, 1991). In the southeastern U.S. the northern bobwhite (Colinus
virginianus), hereafter bobwhite, was the most negatively affected grassland bird that
suffered rapid population declines (Brenna, 1991). Currently, habitat improvement
measures involve interdisciplinary approaches by different interest groups under
government programs such as the Conservation Reserve Program (CRP) (Riffell et al.,
2008) trying to reverse the population trends of northern bobwhite in the region. Several
projects and federal programs have been involved with tallgrass prairie restoration that
entail establishing native grassland communities and replacing exotic forage grasses with
their native counterparts to take advantage of their dual-purpose morphological features
(Harper and Moorman, 2006). The most preferred native grasses are the BB, IG, LB,
eastern gamagrass (GG, Tripsacum dactyloides) and switchgrass (SG, Panicum virgatum)
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(Harper and Moorman, 2006). These grasses have good habitat quality features
associated with their growth forms such as tall growing, open canopy structure, and open
space close to ground from their bunched structure which also makes them compatible
with non-grass species in plant communities (White et al., 2005; Harper and Moorman,
2006). However, to sustaining the desirable habitat quality features, requires strategic
imposition of some ecological disturbances (McCoy et al., 2001) through such practices
as disking, mowing, and burning (Greenfield et al., 2003).
Habitat requirements for northern bobwhite
Ecological manipulations of grasslands managed as bird habitat, are usually
aimed at meeting some basic requirements of grassland birds. For bobwhite and other
ground-nesting birds, these include visibility while foraging, vigilance to predators,
concealment, and easy mobility in the stand (Lusk et al., 2006; Jones et al., 2007). A
diversity of plant species dominated by bunch grasses (about 70% cover) interspersed
with forbs and legumes (at least 20% cover), scattered shrubs, seed producers and insects
attracting wild flowers, ensure year-round food and cover for bobwhite (Jones et al.,
2007). Usually, insects are the primary food for brooding bobwhite chicks in their first
two weeks of life. At least 20% bare ground is required for bobwhite to have good
visibility and access to food (Lusk et al., 2006; Jones et al., 2007). Bobwhite nests in
grassy areas often located in dead warm-season grass clumps left over from previous
growth. Owing to its growth habit LB and others such as broomsedge (Andropogon
virginicus) and weeping lovegrass (Eragrostis curvula) make up the majority of nests.
They need at least 30 to 40 cm of grass height for cover (Lusk et al., 2006).
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Effects of mowing in grasslands
Mowing is a common practice in grasslands managed to provide habitat for
grassland birds (White et al., 2005) that is primarily intended to set back vegetation
succession. However, some disappointing results of annual mowing in grassy fields have
been observed where it encouraged dense stands of perennial grasses and a buildup of
litter that inhibited bobwhite movements (White et al., 2005). In tallgrass, mowing
promotes multiple growths of axillary tillers by removing the hormonal suppressive
effect of the lead tillers. It has been noted that variation in defoliation responses among
plants exist and are modulated by factors such as time allowed for recovery and nutrient
availability (Ferraro and Oesterheld, 2002). Individual plants often show more negative
effects on production due to defoliation than reported on ecosystem primary production
(Ferraro and Oesterheld, 2002). Species differences in response to clipping frequency
have also been observed on mixed stands of Lolium perenne and Agrostis tenuis where
the proportion of the latter increased as clipping interval decreased (Alexander and
Thompson, 1982). Similar observations have been reported on BB from a greenhouse
study (Woodis and Jackson, 2008) for different clipping heights and frequencies. This
makes it difficult to generalize on effects of defoliation in grasslands from ecological and
agronomic standpoints. It is important that management recommendations targeting
grasses in mixed stands, be based on findings of studies conducted in comparable
vegetation community settings.
Justification and objectives
There is paucity of information regarding management of NWSGs, in mixed
stands, for forage production and habitat for ground-nesting grassland birds. Mowing is a
common practice in grasslands managed for forage production or wildlife habitat.
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However, timing and intensity of its application depend on management objectives. With
increased pressure on land for crop production, setting aside land for wildlife habitat in
agricultural landscapes is increasingly difficult. Moreover, seasonal feed resources such
as insects and forbs in farmlands could benefit birds if nearby safe cover is available.
Multipurpose management strategies capable of achieving improved forage production
and habitat quality for grassland birds are, therefore, required. The objective of this study
was to evaluate effects of simulated grazing on known wildlife habitat quality features for
ground-nesting birds in mixed NWSGs stands dominated by IG, BB, and LB. The study
sought to establish effects of summer defoliation on sward vegetation structure and
species composition with reference to bobwhite habitat requirements.
Materials and Methods
Location and field layout
This study was conducted at Bryan Farms, Clay County (N 33º 39; W 88º 34)
MS, USA. The dominant soils in the study area are Griffith silty clay classified as Fine,
smectitic, thermic Aquic Hapludert with pH ranging from 5.0 to 5.6 and Okolona silty
clay classified as Fine, smectitic, thermic Oxyaquic Hapludert with pH ranging from 6.0
to 7.8. The simulated grazing experiment was set in unfertilized conservation field
buffers planted with a mixture of NWSGs, at early succession stages. For each hectare of
a prepared seedbed, a seed mixture of 1.12 kg BB, 2.24 kg LB and 1.12 kg IG (totaling
4.48 kg ha-1 rate) was sown in 2005, and allowed to grow undisturbed for two years.
Extended post-emergence herbicide (imazapic at 0.28 kg a.i. ha-1) {(±)-2-[4,5-dihydro-4methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-methyl-3-pyridinecarboxylic acid}
was applied to control competitive weeds. In mid-May (late spring) of 2007, five 7.5 ×
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1-m parallel strips (plots) designated Y107 were marked in a field buffer and assigned
randomly to cutting five, four, three or two times at 30-, 40-, 60-, and 90- or 120-d
intervals, respectively (Fig. 4.1). The 90-d interval mimicked a standard practice of
harvesting quality hay crop early in season and then allowing the native grass field to
regenerate for wildlife or grazing. Two sets of five 7.5 × 1-m plots (blocks) were marked
in field buffers of one field and other three similar blocks in another field, about 5 km
away on similar soils, providing a total of five replications. Within each block, the
marked strips were assigned to one of the five harvest intervals (treatments). In the
spring of 2008, similar 7.5 × 1-m treatment plots were marked adjacent to each previousyear plot. The Y107 plots were re-designated Y207 to indicate they were in their second
harvest year, but established in 2007. New treatment plots established adjacent to the
2007 plots were designated Y108; indicating they were in their first harvest year and
established in 2008. In 2009, a further set of treatment plots were established, Y109; and
Y108 plots renamed Y208, while Y207 became Y307 (Fig. 4.1). During spring of 2009,
Y307 treatment plots were harvested only once, in May, for a regrowth assessment. Plots
were harvested by machine, Carter flail forage harvester (Carter Manufacturing Company
Inc, Brookston, IN, USA).
Measurements
Before the first harvest in mid-May of each year, three visual estimates of ground
cover as vertical projection of vegetation parts above the ground (Bonham et al., 2004)
were recorded for each plot. A modified Daubenmire‟s frame (Bonham et al., 2004), a
m2 metal quadrat made by welding three 1-m pieces of steel pipe leaving one side open,
was used for cover estimation. Having one side open made it possible to slide the
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quadrat under the canopy with minimum disturbance to the stand. Quadrat sides were
color-coated in alternating 10-cm bands to facilitate cover estimation, such that a 100 cm2
(10 × 10 cm) equaled one 1% cover. On each sampling station, proportions of total
quadrat area covered by grasses and forbs were established and recorded as percentage
grass and forb, respectively. Proportions of quadrat area covered by fallen dead plant
parts and that not covered by vegetation or litter were recorded as percentage litter and
percentage bare ground, respectively.
Sward height was recorded within two days prior to each scheduled whole plot
harvest (Fig. 4.2). A meter stick was held horizontally above the sward with one end
against a Robel pole and lowered to a point where it touched the greatest number of grass
leaves. The height at this point was recorded as the sward height (cm). For each plot,
mean sward height was obtained as a five-point average of such measurements, 1 m
apart. For each harvest regime, height measurements recorded in May, before the first
harvest, were expressed as initial sward height. After the first harvest, sward heights
measured at each harvest for the remainder of the season were averaged as season sward
height. Measurements taken on the re-growth in the following year before the first
harvest were expressed as post-season sward height.
Within 24-48 hr prior to cutting, canopy closure was estimated by canopy light
interception measured in µ mol s-1 using the LI-191 Line Quantum Sensor (LI-COR
2000) between 12:00 and 14:00 h. Percentage canopy light interception was based on the
amount of instantaneous photosynthetically active solar radiation (PAR) recorded above
the sward (PARa) and that reaching the ground through the stand (PARb) at five different
points, a meter apart (Pedreira et al., 2000). From these five-point readings, percentage
light interception was calculated as ∑ [(PARa – PARb)/PARa] × 100/5.
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Each year, all plots were harvested on the same day in mid-May by machine,
Carter flail forage harvester (Carter Manufacturing Company, Inc, Brookston, IN, USA).
After the first (May) harvest in each year, subsequent harvests followed at intervals
according to treatment (Fig. 4.2). Two weeks following the mid-May harvest in each
year, floristic composition in each plot was estimated based on frequency of occurrence
of plant types (Tothill, 1978). A transect was stretched diagonally across the plot
between two fixed markers, and plant species, litter or bare ground hit by a vertical pin
lowered against one side of the tape were recorded at 15 cm intervals. Readings were
recorded from 50 such points along each transect. Throughout the experiment, each plot
had two diagonally opposite corners marked by permanent color-painted wooden pegs.
For grasses and herbaceous forbs, a species was recorded if the vertical pin touched any
of its stems. A tall-growing forb was recorded if the pin touched its stem or the mid-rib
of any leaf. Where different species had superimposed leaves, the one with the topmost
leaf touching pin was recorded. Dead plant parts that were still attached to the mother
plant were counted as litter if spread horizontally. Bare ground was recorded if the
vertical pin did not touch any plant part. For each plot, the total number of hits for each
species, litter or bare ground was expressed as percentage of total frequency.
Statistical analyses assessed on frequencies of occurrence of grasses were grouped
as annual or perennial grasses, and grass-like plants while those of forbs were grouped as
herbaceous and tall-growing forbs as in Appendix Table 4.1. Additionally, frequencies
of occurrence of most prominent perennial grasses and forbs were analyzed separately.
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Data Analyses
Data analyses were conducted as a randomized complete block design with
harvest frequencies/regimes as treatments and plots as the experimental units in five
replications (blocks). Analyses were carried out using the general linear model
procedures of SAS (2007). Mean separations were done by Fisher‟s protected least
significant difference (LSD) and differences considered significant at the 0.05 probability
level. For mean comparison, all data recorded as percentage were first arcsine
transformed and differences judged based on the transformed data. The results, however,
were presented as means of the original data (before transformation).
Results and Discussion
In mixed stands, defoliation affects plant types differently due to species
differences in response and tolerance to associated tissue damage. In mixed stands, these
species differences in kind, and magnitude of response to defoliation, may cause changes
in relative plant performance. Such changes may result in differences in species
contribution to total ground cover and proportion of bare ground in the stand.
Ground cover by vegetation in 2009
To assess effects of the harvest regimes on stand recovery, visual estimates of
percentage of ground covered by grasses, forbs, and litter in post-season spring-growth
(mid-May) were compared within and between harvest durations (number of consecutive
harvest years). Year effects on influence of harvest intervals on the measured cover
attributes were observed. The results are, therefore, presented separately for each year.
However, within year, harvest interval and harvest duration did not interact in affecting
measured treatment responses. Changes in mean ground cover attributes recorded in first
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(Y109) and second (Y208) year plots were similar in treatment trends. This allowed for
data to be pooled across harvest duration for treatment mean comparison within year
(Table 4.1). Data were also pooled across harvest interval for mean comparison between
harvest durations within year (Table 4.2). Results of post-season ground cover by
vegetation and liter, for each harvest duration recorded in mid-May of 2009 and 2010, are
presented in Table 4.1. Following the 2008 harvest year, percentage ground cover by
grass or forbs at mid-May harvest of 2009 was not affected by harvest interval. Grass
cover in harvested plots ranged from 37 (120-d) to 44% (60-d) harvest intervals,
including the control. Information about treatment effect on post-season ground cover by
vegetation is important due to its implication on habitat quality for ground-nesting birds.
In Mississippi, the nesting season for bobwhite starts early in May and peaks in June,
making fast recovery growth of fall harvested stands preferable for nesting cover. In the
current study, grass cover for the 30- and 40-d harvest intervals was very close to 50%
that is desirable for bobwhite brooding (Burger et al., 1994). This implied that, for these
treatments, previous harvesting did not impact recovery growth of the perennials in
spring. This information is encouraging to farmers interested in forage from NWSG
while improving habitat for grassland fauna. Lack of treatment differences in grass cover
could have resulted from increased tiller density of the perennial or increased growth of
opportunistic annual grasses. For perennial grasses, defoliation usually favors
appearance of axillary tillers by removing young leaf tissue and apical meristems of lead
tillers. These usually produce a homone that inhibits growth of axillary buds (Manske,
2003). Their removal usually results in greater tiller density and, therefore, greater cover
of grass in spring. With severe defoliation causing plant death or reduced tiller survival
for the perennial grasses, total grass cover was compensated for by opportunistic annuals.
183

Usually, impact on growth of perennial grasses, in mixed stands, reflects on
changes in the cover of forbs (Damhoureyeh and Hartnett, 1997). In the current study,
cover of forbs was also not affected by the harvest regimes. Values were the least for the
40- (17%) and greatest for the 90-d interval (21%), but only numerically. Although
defoliation may cause severe damage to tall-growing forbs it also encourages branching
of low-growing herbaceous forbs. This would have no net effect on total cover of forbs,
as observed in the present study. In the latter case, forage quality would improve, since
herbaceous forbs are richer in crude protein content compared to grasses (Henke et al.,
1988). Depending on species composition, sustained forbs cover implies a potential for
structural heterogeneity in recovering stands; a desirable habitat quality feature for most
grassland fauna.
Ground cover by litter in 2009
Harvest intervals will also influence litter build up in the stand which have
implications on movement of chicks through the field and also access to food on the
ground (Jones et al., 2007). For each of the studied harvest interval, percentage cover by
litter was reduced by over 50% (Table 4.1, left). Values were 36% in control but
decreased to 13 (30-d) and 17% (90-d) though treatment differences were only numeric.
Reduced litter build up in the harvested plots was facilitated by the machine, forage
harvester that sucked up any fallen plant material. Because all plots were harvested late
in fall, litter buildup would not be expected in the first spring growth. When mowing is
accompanied by removal of the cut material, it improves light environment at plant bases,
which also warms the ground sooner. These changes have combined effect of increasing
seed germination and greening up of dormant tiller buds. The reverse is often the case
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when mowed herbage is not removed, common in grasslands managed for wildlife
habitat alone. This makes dual purpose defoliation management, when done
appropriately, beneficial in many ways: forage yield and quality improved, and litter
buildup minimized to improve habitat quality.
Bare ground in 2009
Decrease of litter buildup was accompanied with increase in proportions of bare
ground in all harvested plots (Table 4.1, left) compared to the control (0.9%). Greatest
bare ground value (28%) was for the 120-d harvest interval. However, percentage bare
ground for this treatment was greater, than the 60-d (21.0%), but not the 30- (26%), 40(25%) or the 90-d (23%) treatments. Given that litter buildup was controlled, any
treatment differences in percentage bare ground would reflect actual vegetation cover.
Yet, the values were generally at the minimum for the reported preference range of 2550% bare ground (Carver et al., 2001) for bobwhite brooding. However, in conservation
field buffers, birds are expected to forage more in the adjacent crop fields and use the
grassed buffers as escape cover. The observed reduced percentage bare ground for the
60-d indicates that the perennial grasses recovered enough to allow faster growth in
spring resulting in their better ground coverage. Additionally, longer harvest intervals
allowed complete growth cycles for most annuals resulting in greater seed crops on the
surface and, therefore, greater proportions of annual seedlings.
Ground cover by vegetation in 2010
Ground cover was also scored in May of 2010 to determine year effect on stand
recovery (Table 4.1, right). With the exception of percentage forb cover, all recorded
cover attributes reflected year effect on stand recovery. Different from May 2009, the
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2010 data on these cover attributes showed treatment differences (Table 4.1, right).
Grass cover was greatest for the 30- (78%) and 40-d (77%) treatments. Values were
greater for these treatments than the 120-d (71%) and the control (57%), but not the 90(76%) or 60-d (74%) intervals. The noted increased grass coverage in May of 2010 can
be explained in two major ways. Firstly, it reflected unusually high rainfall in September
of 2009 (Fig. 4.3), which likely supported faster stand recovery after the last harvest in
fall. This would enable harvested plots to start spring growth with greater numbers of
axillary buds initiated and greater carbohydrate reserves. Secondly, spring growth of
grass was improved by an accidental spring-fire in 2010 that cleared most dead plant
material, warmed up the top soil and released nutrients to the emerging grass tillers. The
observed greater cover of grass agreed with published findings on spring burning in
southern mixed-grass prairie (Hubbard, 2003), where increased net primary production
and stimulated root length were observed. Similar improvements associated with soil
temperatures have also been reported from spring-burn studies on tallgrass prairie
(Bremer and Ham, 1999).
Increase in percentage grass cover was accompanied by a decrease in the cover of
forbs (Table 4.1, right). For all treatments, coverage of forbs was reduced (P <0.001)
compared to the control (25%). However, treatment differences among harvested plots
were only numerical. As with the 2009 data, harvesting resulted in reduced percentage of
ground covered by litter (P <0.001) compared to the control (7%). However, among
harvested plots, differences were only between 120-d (3%) and the 60-d (4%) treatments.
Percentage cover by litter for all other treatments ranged from 3 (90-) to 4% (40-d)
Percentage bare ground values in treatment plots were two to three times less in May of
2010 than 2009. For the 120-d harvest interval, bare ground area (11%) was same as in
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the control (10%), but greater (P <0.03) than for all other treatments except the 60-d
(8%). Given that cover of litter for any treatment was <5%, about three times less than
their corresponding values in 2009, the noted decrease in bare ground mainly reflected
increase in grass cover. Numeric similarity in the forb cover values indicated that the
noted increase of grass cover was more out of vigorous growth rather than tiller density.
This implies that the stands still retained substantial voids between vegetation; a desirable
habitat quality feature for ground-nesting birds.
To assess sustainability of the harvest intervals under continuous forage harvest
systems, post-season canopy cover (May) in plots that completed their second harvest
year in 2008 (Y307) and those starting their second year in 2009 (Y208) were compared
with the control plots (never harvested before) (Table 4.2). Because there were no
treatment × harvest duration interactions, data were pooled across harvest intervals, for
the analysis. Analysis of the 2009 data found percentage grass cover to be greater in
plots harvested for two consecutive years than in plots harvested for a single year (Table
4.2, left). Among harvested plots, grass cover was greatest for Y307 plots (46%) rested
after completing two harvest years than (P <0.001) the control (38%) and the Y208
(36%) entering the second harvest year. Defoliation of perennial grass stands is known to
increase tiller density (Briske, 1986; Briske and Richards, 1995) which would be
relatively greater in plots harvested for longer durations. With forbs, however, effect of
harvest duration on percentage cover would also depend on whether or not they were
allowed to set seeds. For some species, seed dispersal may mask treatment effects
especially with narrow plots as in the current study. However, harvesting reduced litter
coverage (P <0.001) compared to the control. Percentage bare ground, among harvested
plots, (Table 4.2, left) tended to be grater for Y208 plots (27%) entering the second
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harvest year than the Y307 ones (22%), which just completed the second harvest year.
Although there were no differences due to harvest duration, percentage bare ground was
greater (P <0.001) in the harvested than control plots. The lack of difference between
Y208 and Y307 plots in percentage bare ground, although the latter had finished two
consecutive harvest years, matched the noted increase of grass cover at longer harvest
durations. This was likely a result of increased population of axillary tillers usually
favored by defoliation.
To determine year effect on stand recovery, post-season cover, in treatment plots,
was again assessed in 2010. With the 2010 May data (Table 4.2, right), comparison was
possible between first (Y109) and second (Y208) harvest-years plots of the 2009 season.
Comparison was also possible between these harvested plots and the retired Y307 (last
harvested in May 2009). Percentage grass cover was greater (P <0.001) in Y208 (79%)
than Y109 plots (72%) but none differed from the retired (Y307) plots (75%). Different
from 2009, percentage grass cover in the harvested plots of 2010 was greater (P <0.001)
than the control (57%) (Table 4.2, right). These values exceeded the 50% desirable for
bobwhite brooding (Burger et al., 1994), indicating better post-season escape cover for
bobwhite. As suggested earlier, the noted year difference in grass cover was likely a
result of the increased rainfall in September 2009; >200 mm greater than the mean of 120
mm in 2007 and 2008 (Fig. 4.3), and the accidental spring-fire in experimental plots.
Their combined effect resulted with greater spring-regrowth of grass as reflected in their
greater magnitudes of ground cover. The increase of grass cover was reflected in slight
decrease in forbs cover (P <0.001) among harvested plots. Values in 2010 were
numerically less than in 2009, ranging from 12% in the retired (Y307) and second year
(Y208) to 15% in the first year (Y109) plots and less than the control (25%).
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Ground cover by litter in 2010
As expected, effect of the spring-fire was a dramatic reduction in the litter buildup
values, which were negligible, compared to the corresponding means in the 2009 season.
However, litter cover in 2010 was still greater in the control (7%) than the harvested
plots, without differences due to harvest duration. Values were 3% for Y208 plots and
4% for both Y109 and Y307 plots.
Bare ground in 2010
As in 2009, harvest duration had no effect on percentage bare ground in 2010.
However, values among harvested plots were greatly reduced to between 6 (Y208) and
9% (Y307); not different from control (10%). The noted similarity in numeric percentage
bare ground values in 2009 and 2010 seasons supports the assertion that spring growth
was better in 2010, resulting in greater canopy closure.
Sward Heights
In mixed stands, treatment effects on plant performance can also be assessed
based on their influence on vegetative growth as reflected in sward heights (Michalk and
Herbert, 1977; Harmoney et al., 1997). In the current study, two post-season treatment
comparisons of sward heights were possible (Table 4.3, left), between 2009 and 2010
May. However, in-season treatment comparison was only possible for the 2009 data.
Within treatment, May 2009 sward heights of previously harvested plots (Y208 and
Y307) showed no difference due to harvest duration (Table 4.3, left, uppercase letters).
However, sward height of these previously harvested plots, was shorter than their
corresponding unharvested Y109 plots (control, in this case), except for the 60-d interval
in Y208 plots. Shorter sward heights of previously harvested stands were expected due
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to preferential resource allocation to shoot growth at the expense of roots as grasses
respond to defoliation (Jatimliansky et al., 1997). Root growth cessation in recovering
defoliated grasses is actually a response mechanism enabling reestablishment of
photosynthetic canopy and root:shoot balance that contributes to herbivory tolerance by
bunch grasses (Richards, 1984). Effect of previous defoliation intensity on post-season
spring-growth was also noted within harvest durations between treatments. In all
previously harvested plots (Y208 and Y307), post-season sward height was shorter than
(P <0.03) the control (58 cm). Among harvested plots however, treatment differences in
post-season sward heights were not observed. This was in line with earlier assertion that
long spring recovery period allowed for compensatory growth to mask treatment effects.
It also stressed the need for management intervention to boost growth performance in
previously defoliated mixed stands. These results have implication on suitability of postseason recovery stands for early season bobwhite nesting following a full harvest year.
For the 30-, and 40-d harvest intervals, the best for quality forage, post-season sward
heights were 32 cm or greater for all harvest durations, well above the minimum of 30 cm
for early season bobwhite nesting cover (Jones et al., 2007). This meant that under
rotation forage harvesting in mixed native grass stands, fields retired after one or two
consecutive harvest years could provide good early season nesting cover for bobwhite.
After the first harvest (May), in-season mean sward heights (June-September
2009), measured at subsequent harvests (Table 4.3, center), were compared between and
within harvest durations. This analysis was intended to assess stand persistence for the
harvest intervals as reflected in stand vigor; measured on sward height and canopy
closure. In the current study, effects of harvest duration on sward height, within
treatment, were only for the 30-, 40-, and 90-d intervals (Table 4.3 center, uppercase
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letters). For the shortest harvest intervals (30- and 40-d), swards were shorter in both
first (Y109) and second (Y208) year plots than the retired (Y307) ones. However,
differences were only between the Y109 and Y307 for the 40-d interval. The reverse was
true for longer harvest intervals. Swards were taller in Y109 than Y208 and Y307 plots,
though only for the 90-d treatment. Shorter sward height for shorter harvest intervals was
expected as recovery growth was mainly limited to elongation of leaf blades. For these
treatments, sward height would be greater in Y307 plots since they were never harvested
beyond May 2009. Similarly, for longer harvest intervals, sward height would be taller
as recovery periods were long enough for plants to restore photosynthetic area and
transform into reproductive growth characterized by elongation of stem and leaf sheath.
While comparing sward structure between harvest durations generates information on
stand sustenance, treatment comparison within harvest duration provides more
information on effect due to intensity of defoliation. In this case, sward heights in all
harvested plots were shorter than the control (74 cm) (Table 4.3, center, lowercase
letters). Among harvested plots, swards in Y109 plots were tallest (58 cm) for the 120-d
harvest interval. Stands were taller for this treatment (P <0.001) than the 40- (39 cm) and
30-d (31 cm), but not the 90- (57 cm) or 60-d (48 cm) treatments. Sward height for the
40-d treatment also differed (P <0.001) from the 90- (45 cm) but not the 60- (35 cm).
The 60-d treatment was also not different from the 90- or 120-d. Similarly, swards in
Y208 plots were tallest for the 120-d interval (49 cm). Values were greater for this
treatment (P <0.001) than the 60- (35 cm), 40- (34 cm) and the 30-d (25 cm), but not the
90-d (45 cm). The 60-d treatment was also not different from the 40-d in sward height,
but was, from the 30-d one. These increases of sward height with lengthening of harvest
interval were consistent with the common regrowth sequence for grasses (Hannaway et
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al., 2000). Regrowth goes through three phases; the vegetative phase characterized by
leaf blade elongation, the transition phase when apical meristems are gradually converted
from vegetative to floral buds, with elongation of leaf sheath and culm internodes, and
finally the reproductive phase that ends with sudden appearance of the seedhead from the
sheath (Briske, 1991). At short harvest intervals, therefore, plants would be shorter due
to repeated defoliation before reaching the transition phase. In the retired (Y307) plots,
treatment differences in sward height were not observed. Values ranged from 38 (30-d)
to 47 cm (120-d). This indicated that, for the studied harvest intervals, dominant native
grass species retained their compensatory growth abilities even after two years of
continuous harvesting. The fact that sward heights in all harvested plots were shorter
than in the control showed that recovery of defoliated stands was slow; would take longer
than a growing season to attain original height. However, recovery sward height for all
treatments exceeded the 30 cm minimum for nesting cover requirement for bobwhite.
Annual variation in climatic factors, mainly rainfall and temperature, may
influence the magnitude of plant-response to defoliation, which for forage grasses affects
yield. Recommendations on sustainable forage harvest intervals based on a single year
defoliation study may not be reliable. In the current study, a second assessment of postseason stand recovery was conducted on mid-May 2010 data. Results showed no effect
of harvest duration on mean sward height (Table 4.3, right). As in the May of 2009, there
were no treatment differences in post-season sward height (May 2010), within harvest
duration. However, swards were shorter in the harvested Y109 and Y208 plots of 2009
season than in their corresponding control plots. Values ranged from 27 (40-d) to 29 cm
(120-d) for the Y109 plots. For the Y208 plots, values ranged from 25 cm (30- and 40-d)
to 29 cm (90-d). Among retired (Y307) plots, sward heights showed no difference
192

between control and treatment plots. Values ranged from 30 cm for the120- to 34 cm for
the 60-d harvest intervals. These results confirm those observed in 2009. This indicates
that, the dominant grasses in the present studyhad herbivory tolerance mechanisms that
allowed compensatory recovery growth even for the severely defoliated plants. This has
implications on suitability of post-season spring-growth of mixed native grass stands
dominated by BB, IG, and LB as habitat for grassland fauna. For the 30- and 40-d
treatments, preferable for quality hay, post-season sward height in Y109 and Y208 plots
fell short of the minimum of 30 cm for good bobwhite‟s early-nesting cover as described
by Jones et al. (2007). In the retired plots however, sward height for these treatments met
the minimum of 30 cm. The noted shorter sward height in 2010 was partly a result of the
accidental spring-burning that engulfed most experimental plots. This was likely the case
since even in the control plots, sward height decreased from 58 to 45 cm. It is, therefore,
likely that without the fire, post-season spring-growth would make good early-nesting
cover for bobwhite.
Sward canopy closure
Another indicator of response to defoliation intensity in mixed stands is canopy
closure, usually influenced by stand density, leafiness, and canopy spread (McNaughton,
1992). This assessment was based on light interception data recorded along the sward
height records from May 2009 to May 2010 (Table 4.4). Within treatment, canopy
closure in May of 2009, as measured by sward light interception was greater in the Y109
plots than their corresponding Y208 and Y307 plots (Table 4.4 left, uppercase letter). At
this stage, greater light interception ability was expected for the Y109 plots because they
were not harvested yet. For the second (Y208) and third year (Y307) plots however, light
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interception was similar. These results indicated that harvesting in the previous year
resulted with increased light below the stand canopy. Of the solar radiation reaching the
sward canopy, only 30-40% could not reach the ground beneath the canopy. This
improvement was most likely in response to removal of accumulated dead biomass near
the ground. This may explain the lack of differences in light interception due to harvest
duration, as all plots were harvested last in fall. This has habitat quality implications for
ground nesting birds and related wild fauna as it affects visibility of food material on the
ground and also vigilance to predators. The observed light interception values are far
below the suggested minimum of 60% (Palmer, 1995) for sufficient brooding to occur.
With less than 60% canopy closure, brooders may not be sufficiently concealed from
predators. However, in mid-May, native grasses in the study area were still in their active
vegetative stage and, therefore, likely to have more closed canopies by the time the first
nestlings are hatched; sometime in June. The noted lack of harvest duration effect on
canopy closure, based on light interception, indicates that, continuous harvesting for up to
two years may not compromise early season nesting cover for bobwhite.
Within harvest duration, light interception, at first harvest in May 2009, showed
no treatment differences (Table 4.4, left, lowercase letters. Values in the Y208 plots
ranged from 32% for the 30- and 40-d to 36% for the 60-d treatment. In the Y307 plots
(second year of 2008), values ranged from 31% for the 40-d to 40% for the 60- and 120-d
intervals. Absence of treatment differences in the post-season light interception values
indicated that harvesting at the preferable 30- or 40-d harvest intervals, for forage quality,
would not compromise post-season habitat quality.
While analysis of the May canopy closure (at first harvest) provides information
on post-season stand structure, it does not show how stands might respond to treatment
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throughout the growing season. This information is important with respect to yield
sustainability of the harvest regimes and the associated habitat quality for wild fauna
through the growing season. For this assessment, mean light interception records
throughout the growing season (June-September 2009 data), were compared between and
within harvest durations (Table 4.4, center, uppercase letters). Differences due to harvest
duration within treatment were observed. Except for the 90- and 120-d treatments, values
were greater in the retired (Y307) plots than their respective Y109 and Y208 ones. This
difference was mainly a reflection of greater tiller density in plots harvested for longer
durations. Usually, defoliation removes hormonal suppressive effect of lead tillers
(apical dominance) allowing multiple axillary tiller development (Briske, 1991; Manske,
2003). For the 60-d harvest interval, however, the Y307 and Y109 during June through
September were not different. Differences due to harvest duration for the 90- and 120-d
treatments were not expected since all were never disturbed after the common harvest in
May.
Effects of the harvest regimes on sward structure, during the growing season,
were also assessed by comparing treatment means of light interception records, at all
June-September harvests (Table 4.4, center, lowercase letters). Values were smaller for
all harvested plots (P <0.001) compared to the control (81%). Among harvested plots,
light interception was less for shorter harvest intervals. In plots harvested throughout the
year, Y109 and Y208, light interception first increased with harvest intervals to a
maximum for the 60-d interval, and there on decreased but inconsistently. In the first
year plots (Y109), light interception was least (41%) for the 30-d interval and less than
for the 40- (52%), 60- (66%), 90- (56%), and the 120-d (62%). However, the 60-d
treatment differed from the 90-, but not the 120-d. Similarly, among the Y208 plots
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(Table 4.4, center lowercase letters), light interception was greater for longer harvest
intervals (P <0.001). Values were least (41%) for the 30-d treatment, followed by 54%
(40-) and greatest for the 60-d (63% ) which was similar to the 90- and 120-d treatments
(58%). These trends in light interception indicated that canopy closure increased as
plants approached maturity but decreased slightly thereafter. Decrease in light
interception after plant maturity likely resulted from senescent leaves collapsing against
the stems thus allowing more sun rays to reach the ground level. Additionally, growth of
forbs is better for longer harvest intervals but as they shade off leaves at maturity, the
canopy would offer lesser obstruction to sun rays. This trend in canopy closure across
the season was more evident in the retired (Y307) plots. In these plots, light interception
was least (65%) for the 30-d and increased (P <0.001) to 71 and 73% for 60- and 40-d
treatments, respectively. Thereafter it decreased to 60% for the 90- and 120-d treatments.
However, mean canopy closure for the 30- and 40-d treatments, the most preferable for
hay making, was above the minimum of 60% for successive bobwhite brooding (Palmer,
1995). This confirms earlier suggestions, based on post-season sward height and ground
cover, that the best harvest intervals for forage yield and quality from mixed native
grasses may not compromise habitat quality of the regrowth when rested.
In the second assessment of treatment effects on yield sustainability and postseason sward structure, May light interception, records in 2010, were compared between
and within treatments. From this analysis, neither harvest duration nor harvest interval
affected light interception, at first harvest in May of 2010 (Table 4.4, right).
Furthermore, differences in light interception between harvested plots and the control
were not observed. Among harvested Y109 plots, values ranged from 46% for the 120to 56% for the 40-d harvest interval. In the Y208 plots, values ranged from 42% for the
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30- and 120- to 45% for the 90-d harvest intervals. In the retired (Y307) plots, light
interception ranged from 42% for the 40-d to 48% for the 120-d treatment. This lack of
differences due to treatment or harvest duration was also, in part, a result of the
accidental spring fire that cleared most of the standing dead mass. This made canopy
closure a product of spring growth alone. Still, differences in harvest intervals in the
previous year were masked by compensatory growth in spring.
Species composition
Influence of defoliation on survival of plant species, in mixed stands, depends on
their inherent ability to recover from imposed tissue damages (Anderson and Briske,
1995; Cullen et al., 2006). Over time, differences in survival abilities lead to changes in
botanical composition (Ive, 1974; Anderson and Briske, 1995). Depending on which
species gets replaced, changes in botanical composition can be very disappointing to
landowners due to high costs of establishment and loss of intended use. Unlike cover
assessment, frequency of occurrence gives an indication of how uniformly species are
distributed in the study area.
Occurrence of dominant plant types
In this study, harvest regimes were compared based on frequency of occurrence of
different plant types recorded in June 2009, about two weeks after the first (May) harvest
(Table 4.5). Harvest intervals and durations were also compared based on the occurrence
of plant litter and bare ground under the post-season regrowth. This analysis did not find
any difference in occurrence of forbs, grasses and grass-likes or plant litter due to harvest
duration or harvest intervals (Table 4.5). In June of 2009, frequency of occurrence of
herbaceous forbs ranged from 9.0% in plots harvested at 30- to 17.0% for 90-d interval.
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Occurrence of herbaceous forbs in mixed native grass stands has implications on forage
yield and quality in several ways warranting management concern on their dynamics for
different harvest regimes. Some herbaceous forage forbs are also leguminous, harboring
symbiotic nitrogen fixing bacteria which improves fertility status in the host stands. Yet,
survival of herbaceous forbs in thick grass stands is usually poor because their
performance is limited by light competition. For mixed stands managed to provide
habitat to ground nesting birds, forbs are either food to birds or attract insects that birds
eat. Information on how harvest regimes may influence survival of these forbs in the
stand is therefore, helpful to managers. Results of the present study showed that none of
the harvesting regimes influenced the occurrence of herbaceous forbs in the mixed native
grass stands.
Forage and habitat quality of mixed native grasses are also influenced by the
inclusion level of tall-growing forbs. Unfortunately most tall-growing forbs, such as
Solidago canadensis (goldenrod) and Helianthus maximiliani (Maximilian sunflower),
good for wildlife habitat, are not as good for forage. Because harvesting usually
improves germination and emergence of annuals in mixed native grass stands,
understanding how these forbs respond to the harvest regimes is helpful to managers.
The best harvest regime should be one that minimizes occurrence of tall-growing forbs
during harvest, but allows their return when retired. For the studied harvest intervals,
post-season occurrence of tall-growing forbs showed no treatment effect. Frequency of
occurrence of the tall-growing forbs decreased numerically from 17% in the control to a
range of 12 to 14% for the 120- and 60-d intervals, respectively (Table 4.5). These
values suggest that harvesting alone could not suppress the occurrence of tall-growing
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forbs during regrowth. This indicated that further studies of combination of practices,
including spring-burning, to improve forage quality in the harvest year are necessary.
Although frequent harvesting usually keeps most annual species from setting
seeds, it still creates better environment for germination and emergency for those already
in the seed bank. As earlier reported (Harper and Moorman, 2006), native grasses have
large seed banks just awaiting release. Given the long and costly establishment of native
warm-season forage grasses, managing them appropriately is necessary to sustain their
productivity. Managers, therefore, need to know how different harvest regimes may
influence species dynamics in established mixed stands. In the current study, occurrence
of annual grasses was not influenced by the harvest intervals (Table 4.5). Values in
previously harvested plots ranged from 4 (120-) to 7% (60-d treatment). These results
suggest that none of the studied harvest intervals was severe enough to cause notable
changes in species composition over two harvest years. Numerically, annual grasses
were more frequent in the harvested plots than the control, which implies that harvesting
favored establishment of annual grasses. However, values were too small, <6%, to have
notable influence on yield or quality.
In these plots, occurrence of perennial grasses ranged, numerically only, from 39
to 45% for the 60- and 30-d intervals, respectively (Table 4.5). This data was intended to
generate scientific information on whether harvest regimes might influence distribution
of native perennial grasses in mixed stands. None of the studied harvest intervals
affected overall occurrence of the perennial native grasses. This implies that harvesting
per se, may not result in replacement of the native perennial grasses if done properly.
However, cutting NWSGs too short or too late in the season, often results in increasingly
poor regrowth, and finally plant deaths (Briske, 1991; Hathaway and Oldfield, 2004),
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thus reducing their proportion in the stand. Cutting native NWSGs close to the grownd
removes most gowing points (intercalary meristems between leaf blade and leaf sheath).
Regrowth for such plants takes longer time as it has to start with new leaves or axillary
tillers (Briske, 1991). On the contrary, timely harvesting stimulates vegetative growth
with faster leaf blade expansion and development of axillary tillers (Hathaway and
Oldfield, 2004); good forage yield and quality attributes. However, without data from
organized studies addressing these issues, scientists may find it difficult to convince
farmers into accepting NWSGs as reliable forage resources. The observed lack of
differences between short (30- and 40-d), best for haying, and long harvest intervals (60-,
90-, and 120-d), is useful scientific evidence on ability of native grasses to withstand
frequent defoliation in mixed stands.
With regards to wildlife habitat, the mowing in mixed native grass stands is
known to increase the cover of perennial grasses thus, excluding forbs and enough bare
ground (McCoy et al., 2001; Lusk et al., 2006). In the current study, however,
occurrence of grasses decreased in harvested plots, though numerically only. This
suggests that strategic management practices may influence species composition of
mixed native grass stands as needed. This may include deliberately cutting close to the
ground to delay recovery growth, which may favor emerging forbs. Lack of treatment
differences in the current study suggests that, at longer harvest intervals, perennial
grasses suffered more damages making them take longer to recover. Because damages
were primarily due to loss of intercalary meristems, it is likely that same results could be
achieved by cutting a bit longer than 40 days, just after leaf sheath starts to elongate, but
before dramatic declines in nutritive value.
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Associated frequencies of grass-like plants were very small in all plots, being
greatest (4%) for the 30-d interval and least (2%) for the 90-d (Table 4.5). The
frequencies of grass-like and shrub-like plants in the June regrowth also, were not
influenced by the harvest regimes. Values were less than 5% for grass-like and less than
2% for shrub-like plants in all plots. Increased proportions of undesirable grass-like and
shrub-like species in native grass stands for intensive defoliation, is another reason that
delays their incorporation into managed pastures. The lack of treatment differences in
their occurrence in the harvested plots may indicate that they could not compete
successfully with forbs for the voids exposed at harvesting. Furthermore, different
species have different adaptability to soil conditions. Some may not do well in areas with
poor water holding capacity while others may perform differently between sandy and
clay soils. There is a need, therefore, for farmers to recognize the potential problem
species in their area and track their response to management operations so as to make
necessary adjustments timely. In the current study area, grass-like and shrub-like species
did not appear potential competitors in the mixed stands. Yet, their numeric increase in
the harvested plots suggestes that strategic defoliation management may improve species
diversity in comparable mixed native grass stands.
Occurrence of plant litter
Litter buildup is another problem encountered in managed native grasslands
associated with poor habitat quality (Burger et al., 1990). Litter makes foraging on soil
invertebrates difficult, impedes movement through the field and inhibits germination of
desirable seed (Jones et al., 2007). However, in grasslands managed as pastures, litter
buildup intercepts rainfall reducing potential infiltration (Naeth et al., 1991) but also
201

reduces surface runoff and evaporative water losses between rainfall events (Willms et
al., 1993). Litter removal in mowed prairies has been found to encourage loss of soil
moisture by evaporation with up to 60% decrease in yield (Willms and Jefferson, 1993).
Information on how recommended harvest regimes may influence litter buildup and
associated changes in species diversity is useful to managers interested in forage or
habitat quality improvement. In the current study, occurrence of plant litter in harvested
plots (Table 4.5) was not influenced by harvest intervals. Values ranged from 10 to 15%
for the 40- and 30-d intervals, respectively. For the Carter flail forage harvester used,
treatment differences in the occurrence of litter were not expected as most dead fallen
materials were sucked up. However, lack of differences between harvested and control
plots were not expected. This was mainly caused by fallen leaves of herbaceous forbs
which could not be picked by the machine and the sampling method used (point
intercept). Because occurrence of litter was only based on presence or absence at a
sampling point (no larger 5 mm in diameter), it was hard to make any inference on actual
litter buildup in the plot. Still, based on the corresponding ground cover records (Table
4.1), litter buildup would not differ among harvested plots. It is, therefore difficult to
imfer how it might influence species occurrence in the harvested plots.
Of all measured attributes, difference between control and treatment plots was
only noted for percentage bare ground. Values were zero percent for the control, but
ranged from 7% for the 90- to 11% for the 120-d with no treatments differences.
Information about how harvest intervals may influence presence of bare ground in mixed
stands has management implications regarding stand persistence and habitat quality.
With bunch grasses managed for forage, changes in occurrence of bare ground may
indicate condition and trend in biomass productivity (Voigt and Weaver, 1951),
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susceptibility to surface runoff (Greenfield et al., 2002) and room for non-grass forage
plants (Jones et al., 2007). In mixed prairies, increase in occurrence of bare ground may
result from plant death after excessive defoliation, often accompanied with increased
proportion of undesirables (Voigt and Weaver, 1951). Such events indicate deterioration
in range condition. The observed bare ground values showed that all harvest intervals
increased vegetation cover to a similar extent. Because occurrence of perennial grasses
or any other plant type was not influenced by harvesting, increase in ground cover was
most likely due to litter buildup in the control plots. With regards to habitat quality for
ground-nesting birds, however, occurrence of bare ground is good for easy movement
and feeding on the ground (Barnes et al., 1995; Jones et al., 2007). Still, all studied
harvest regimes resulted in notable increase in bare ground compared to the control,
which may have also improved habitat quality for bobwhite. This implies that,
landowners can benefit from both forage production and habitat quality as desired with
rotational haying.
Although treatment effects on frequency of occurrence of plant types within a
season may not be substantial, differences due to harvest duration may be observed.
Depending on the cutting height, plant species with growing points high above ground
will be relatively more damaged than those with low growing points. For perennial
species, differences in extent of damage will influence recovery growth and tiller density
in the next year. This may make plots treated the same for two consecutive years to have
different tiller density and occurrence in the stand. Such differences may be reflected in
the occurrence of different plant types and bare ground in the stand. For the 2009 season,
occurrence of different plant types, litter and bare ground in the first (Y109), second
(Y208), and third year (Y307) plots (being retired after May of 2009) were compared
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(Table 4.6). For this analysis, the Y109 plots served as the control (never harvested
before). Since there was no interaction between harvest interval and harvest duration,
data was pooled across harvest intervals for mean comparison.
In 2009, frequency of occurrence of herbaceous forbs in control plots (12%) did
not differ from any harvest duration. Among harvested plots, occurrence of herbaceous
forbs was least (12%) in the retired (Y307) plots. These retired plots had less herbaceous
forbs than the Y208 (17%) and Y109 (17%) plots. Tall-growing forbs occurred at the
least frequency in Y109 plots (9%). These tall-growing forbs were less frequent in Y109
plots than the Y307 plots (15%) and the control (17%) but not the Y208 (10%). The
observed differences in occurrence of herbaceous and tall-growing forbs between Y208
and Y307 were probably a combined effect of their growth habits and decrease in bare
ground with harvest duration. In Y208 plots, just started the second harvest year, short
growing herbaceous forbs had more exposed voids (14%) (Table 4.6), while in the Y307,
axillary tillers and grass-like plants (3%) filled the voids. This would work differently
for the tall-growing forbs which do not require much room close to the ground. These
could easily grow out above the grass canopy competing for light and hence their more
frequent occurrence in Y307. Herbaceous forbs, out of their short stature, constitute a
good proportion of food for ground-nesting birds. Their reduced occurrence in the
recovery year implied that though harvesting increased occurrence of herbaceous forbs
for two consecutive years, after the second year their occurrence was at their original
proportions. This means that birds would have services associated with forbs in the
recovering plots just as they would before harvesting. Overall, harvesting for two
consecutive years might not result with changes in the occurrence of forbs in retired
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stands. This implies sustained habitat quality for ground-nesting birds and small
mammals.
Unlike forbs, occurrence of annual grasses was not affected by harvest duration
(Table 4.6). This was likely influenced both by their seed bank status in the study area
and the good environment for germination created by harvesting the perennials. These
conditions were common to all harvested plots (all cut in mid-May) and hence the lack of
differences in the occurrence of annual grasses. Though only numerically, occurrence of
annual grasses tended to increase with harvest duration. This suggested that harvesting
probably weakened the superior perennials, reducing their monopoly over light, moisture
and nutrients, which would allow growth of annuals from the seed bank. Over time, this
might result in increased species diversity; a desirable habitat quality attribute. However,
management should pay attention to changes in species composition in case undesirable
species may take advantage.
Perennial grasses, however, occurred at greater frequencies (52%) in the control
plots (P <0.003) than the second year (Y208) (43%) and the just retired (Y307) plots
(41%), but not the first year (Y109) (49%) (Table 4.6). Harvesting is known to limit root
growth in grasses as plants divert resources towards leaf growth to repair their
photosynthetic system (Briske, 1991). When defoliation occurs late in fall, plants also
fail to initiate enough tillers for the next year‟s growth (Manske, 2003). This makes
defoliated plants enter the next growing season with lesser root mass and fewer initiated
buds compared to their undefoliated counterparts. These reflect in poor growth vigor
which becomes more pronounced at longer harvest durations and may cause death of
perennials to favor of annuals; changes in species composition (Table 4.6). Although that
was not the case in the present study, decline in occurrence of perennial grasses still
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occurred at small and declining magnitudes; about 6% between Y109 and Y208 and 2%
between Y208 and Y307. Although occrence of perennial grasses was not affected by
treatments, values tended to decline with lengthening of harvest intervals. Numerically,
these declines tended to be more pronounced at the 60- and 120-d harvest intervals
(Tables 4.5). This further demonstrates the negative effects of delayed harvesting on
stand persistence; all tied to increased chances of removing growing points and shedding
effect of senescent and dead leaves. However, the observed small magnitude of decline
in the occurrence of perennial grasses indicates a potential for in-season management,
especially in the second year, to improve yield and stand persistence. The fact that
occurrence of perennial grasses did not change sharply between control and harvested
plots, further demonstrates their ability to withstand defoliation; good for stand
persistence. This resistance to change in response to clipping frequency agreed with
earlier reports on coastal prairie community (Hayes and Holl, 2003).
In the interest of determining how the harvest intervals might further influence
species diversity over time, occurrence of grass-like and shrub-like plants was also
assessed (Table 4.6). Occurrence of grass-like plants showed no treatment or harvest
duration effect. This also suggests that species diversity in the stands was more limited
by their seed bank rather than competition from the tall perennials. If competition was
the major limitation, harvesting would have resulted in a rapid increase in occurrence of
the minor plant types. This was probably an effect of the chemical weed control on the
crop fields before the buffers were established. Usually, density of annuals may be
enhanced by cutting perennials at longer intervals to make them take longer to regrow,
thus allowing annuals to mature and set seeds. The fact that this was not obseverd in this
study suggests that survival of grass-like and shrub-like species in the study area could
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also be limited by other environmental factors; most likely soil type. However, species
diversity was basically sustained over the two harvest years; a desirable habitat quality
attribute associated with food availability (Barnes et al., 1995; Atkinson et al., 2004).
Occurrence of plant litter was greatest (20%) in the Y307 plots; more (P <0.001)
than in the Y208 (6%) and Y109 plots (4%), but not the control (14%) (Table 4.6).
Differences between first and second year plots were also not observed. Litter buildup is
undesirable in restored prairies for several reasons. It inhibits germination of desirable
species, reduces species diversity, and makes travel through the field difficult for young
chicks (Jones et al., 2007). Although mowing is a common practice used to maintain
early vegetation succession in restored prairies, it is not recommended as a stand-alone
practice. It is often used to reduce vegetation cover before disking to allow effective soil
disturbance or before burning to keep flames low or restricted to windrows (Jones et al.,
2007). In a dual purpose management, however, burning may not be feasible on annual
basis. In this study, the need to establish how mowing combined with herbage removal
might affect litter buildup and, therefore, ground cover was noted and addressed.
Although not much can be said about litter buildup per se (no weight or thickness
measurement records), knowing how its occurrence associated with that of plant types
may indicate areas deserving research attention. As expected, harvesting reduced the
occurrence of litter in the regrowth for Y109 and Y208. There was a notable increase of
occurrence of litter in Y307 which matched the increase in tall-growing forbs. It is likely
that fallen leaves of the tall-growing forbs escaped removal by the machine and added to
more litter frequency. This inflated occurrence of litter may also partly explain the rare
occurrence of bare ground patches. Bare ground patches were not observed in the control
plots, but occurred at greater frequencies in the harvested plots (P <0.001) in Y208 plots
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(14%), similar to Y109 (12%), than in the retired (Y307) 3% plots. Still, the noted
increase of bare ground between harvested and control plots, suggestes that harvesting
resulted in better brooding cover for bobwhite.
Because occurrence of species in a plant community may change between years
due to variations in weather conditions, response to treatments may also be affected. In
this study, assessment of occurrence of different plant types, litter and bare ground, was
also repeated in 2010, on early June records, for year effect. As in 2009, harvest interval
had no effect on occurrence of all cover attributes except for bare ground (Table 4.7).
Percentage bare ground was still greater (P <0.001) in the harvested than the control plots
(0.0%). Unlike in 2009, however, bare ground in June 2010 was greater for the 120-d
plots (13%) than the 90-d (7%), but not the other treatments. Reasons for the difference
were not identified. Although more rainfall was experienced in May and June of 2010
than 2009 (Fig. 4.3), it still did not influence occurrence of major plant types in response
to treatment. Depending on the actual species involved, changes of occurrence of species
in June would imply changes in availability of food plants to bobwhite. Since species
diversity includes range flowers which attract insects, altering their proportions in the
community would influence abundance of insects; food to bobwhite. Results of this
study suggeste that native grass stands dominated by BB, IG and LB could withstand
frequent haying to produce quality forage without compromising habitat quality for
bobwhite in the next growing season.
Effects of harvest duration on occurrence of different plant types, in harvested
mixed stands, were also assessed in 2010 after the first harvest in May (Table 4.8).
Unlike in 2009, there were no new plots (first year) being added to the study in 2010.
Comparison was, therefore, on data from the same plots assessed in 2009, the Y307
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(retired in 2009), the Y109 which just completed the first year, and the Y208 which
would be retired in 2010. This data was necessary to establish the year effect, if any, on
the response of different plant types to continuous harvesting. Occurrence of herbaceous
forbs in the control plots (13%) was not different from any previously harvested plot. As
pointed out earlier, litter buildup usually inhibits germination of desirable annuals and if
it occurs, seedling emergence is still obstructed. Harvesting, opens up the canopy thus
allowing light to the ground to improve seed germination and seedling growth for annual
herbaceous forbs. That is why among harvested plots, occurrence of herbaceous forbs
was greater (17%) for both Y208 and Y307 (retired) plots (P <0.003) than the 12% for
Y109 plots. For the same reason, difference in occurrence of herbaceous forbs between
Y208 and Y307 plots were not observed. Occurrence of herbaceous legumes in mixed
forage stands is desirable because they improve overall crude protein content as well as
digestibility. In the stand, forage legumes also improve soil fertility through symbiotic
relationship with nitrogen fixing bacteria. This information is important to managers
who need to know how certain harvest operations may influence occurrence and/or
survival of herbaceous legumes in similar mixed stands. These results are contrary to
some reported findings of native forbs in California coastal prairies where native species
were largely unaffected by clipping (Hayes and Holl, 2003). This was probably due to
the fact that the study compared natives against exotic species and focused on defoliation
frequency alone. In the present study, duration of harvest caused notable differences.
As for occurrence of tall-growing forbs, a reversal trend was observed. These
tall-growing forbs occurred at greater frequencies (18%) in the control (P <0.001) and
Y109 plots (15%) than in the Y208 (9%) and the retired (Y307) plots (10%) (Table 4.8).
Still, the Y208 and Y307 plots did not differ in the frequency of occurrence of tall209

growing forbs or any other variable. Two reasons might contribute to this; better
competitive ability for light and suppressed seed production in harvested plots. Being
tall-growing, these forbs, mostly Maximillian sunflower and goldenrod, could compete
well against the tall-grasses for light, allowing them to complete their life cycles and
produce seeds abundantly. They therefore had good seed reserves in the area from which
new plants emerged as growing conditions allowed. This would be the case in the control
and Y109 plots, where nothing had happened yet to suppress annual seed production. In
the second and third year plots, however, defoliation had interrupted annual seed
production while improving conditions for previously produced seeds to germinate. This
was so because most of the dominant tall-growing forbs take long to mature which
resulted in plants being cut before they could set seeds. This amounted to defacto seed
bank depletion and, therefore, decline in their population as reflected in reduced
frequencies of occurrence. With time, therefore, differences in occurrence due to
duration of harvest appeared. These results are also contrary to erlier findings by Hayes
and Holl (2003) that native species were unaffected by defoliation frequency, probably
because they focused on frequency alone.
Defoliation in native grass communities is usually expected to minimize
competition from the dominant perennials in favor of inferior species. However, it is not
clear whether defoliation alone will always favor establishment of annual grasses, which
may undermine stand persistence. Given the large cost of establishing native grasses
(time and resources), managers are justifiably skeptical of stand sustenance for frequent
haying systems. In this study, however, harvesting was not found to favor establishment
of annual grasses (Table 4.8). Values were in small magnitudes and ranged from 2.8%
(control) to 5.9% (30-d treatment). However, this was probably a reflection of previous
210

depletion of annual grass seed bank in the study area, which experienced herbicide weed
control under row cropping. Increased occurrence of undesirable species is actually a
common response to defoliation in tallgrass prairies (Helzer, 2011), which calls for
preparatory measures to reduce their seed reserve before establishing native grasses. In
this case, using the area for row cropping for some years prior to establishment of native
grasses may enable farmers recover some costs.
As expected, harvesting reduced the proportion of native perennial grasses in the
stand. However, there were no differences between the control and the retired Y307 plots
(Table 4.8) in this attribute. Compared to the control plots, occurrence of perennial
grasses (52%) was less in Y109 (42%) and Y208 (43%) plots (P <0.003), but not the
retired (Y307) (49%). Although occurrence of the perennial grasses decreased by 10% in
Y109, in plots retired in May 2009, after two harvest years, substantial stand recovery
was observed. Among harvested plots, only the Y109 differed from the control and the
retired Y307 plots. These results are consistent with reported ability of native perennial
grasses to withstand defoliation (Hayes and Holl, 2003) unless combined with significant
soil disturbance. This suggests that with good harvest management, farmers may not face
a risk of stand deterioration in a rotational harvest system. The observed decrease in the
occurrence of perennials after the first harvest year may discourage farmers intending to
establish NWSG pastures. However, performance of the native stands in subsequent
years seemed to stabilize. These changes in occurrence of perennial grasses, however,
were not matched with increase in the occurrence of grass-like or bush-like plants in the
stand. Similarly, occurrence of shrub-like plants was negligible, about 1% in all plots.
These results further demonstrated the importance of prior weed control before
establishing native perennials.
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Some year differences were noted for the occurrence of plant litter in harvested
plots. Unlike in 2009, plant litter in June 2010 (Table 4.8) occurred at greater frequencies
(P <0.001) in Y109 plots (19%) than in retired Y307 (6%) and Y208 plots (4%) but not
different from the control (14%). The greater occurrence in Y109 probably resulted from
the increased growth of tall forbs in spring which shaded off their senescent leaves thus
exagerating frequency of palnt litter in June. In Y208 and Y307 plots, however, greater
occurrence of herbaceous forbs probably minimized chances of litter being sampled.
These litter records were somewhat reflected in the occurrence of bare ground.
Occurrence of bare ground patches was greater (P <0.001) in all harvested plots
compared to the control (0%). Among harvested plots, values were least in Y109 (3%)
and greater in Y208 (12%), similar to the retired Y307 plots (14%). The difference
between control and harvested plots was mostly due to litter removal, by machine, which
was good for habitat quality. The fact that bare ground did not differ between Y208 and
the retired Y307 implied that movement through the field and foraging on the ground for
young bobwhite chicks might not be compromised by haying for two consecutive years at
the studied harvest intervals.
Occurrence of perennial grasses
Because response to defoliation often differs among plant species, (Cullen et al.,
2006) forage yields of mixed stands would be influenced by their most frequent species.
This information is useful to managers interested in harvest regimes that may improve
and/or sustain desirable species diversity. In the current study, data on occurrence of BB,
IG, LB and broomsedge (BRS, Andropogon virginicus), recorded in 2009, were analyzed
for effect of harvest interval (Table 4.9). Treatment comparison was also made on the
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combined occurrence of less frequent other perennial grasses (OPG). There was a year ×
treatment interaction in the occurrence of the perennial grasses, so data is presented by
year. Within year, harvest intervals did not affect the occurrence of BB, BRS or OPG.
Differences were observed for IG and LB only between the control and all harvested
plots (P <0.03), but not among treatments. Lack of treatment differences demonstrated
tolerance of the native perennial grasses to defoliation. Values for BB, in all plots,
including the control, ranged from 15 (30-) to 28% (120-d). This implied that where
declines in yield occurred, they were not primarily due to death of the perennial grasses.
This suggested that managers could employ strategic practices to boost biomass yield
within a season regardless of previous defoliation regime. Species compared differently,
however, between control and harvested plots. Occurrence of IG was 62% (greatest) for
the control, but decreased to between 35 (120-d) and 41% (60-d), inclusively, for the
harvested plots. The reverse was true for LB, whose occurrence was least (8%) for the
control, but greater in the harvested plots, ranging from 14 (90-) to 20% (30-d) (Table
4.9). This may imply that both IG and LB were less resistant to defoliation compared to
BB. However, IG still occurred at greater magnitude than all other species. Its reduced
occurrence, therefore, was desirable in the interest of species diversity, as managers could
use harvest regime as a tool to manipulate IG and LB composition in the field. This
advantage was demonstrated in the occurrence of LB which was greater in all harvested
plots than the control. Values ranged from 4% in the control (lowest) to 27% (highest) in
the 30-d harvest interval. These species differences were attributed to their plant heights
and growth rates. Being short growing, LB would have fewer growing points elevated
above the cutting height compared to IG. For this reason, harvesting would have positive
effect on its growth by improving light access before IG grew back. On the contrary, LB
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in the control plots remained heavily shaded by the tall growing grasses and forbs thus
reducing its growth vigor and ability to expand in coverage. This information is useful to
managers interested in improving species diversity in mixed stands. Occurrence of BRS
was also not affected by the treatments. Values ranged from 16 to 18% among the
harvested plots. However, most of these were still at the seedling stage which could not
influence biomass yield. Still, managers will need to determine whether establishment of
BRS is actually supported or controlled by the harvest intervals. Furthermore, BRS in
mixed native grasses is usually a poor competitor in fertile soils, but outcompetes most
desirables once fertility becomes limiting (Nellessen and Ungar, 1993). This calls for
good fertility management to control establishment of BRS and similar undesirables, by
improving the performance of desirables. Occurrence of OPG was very infrequent with
values between 1 and 7% in all plots, including control. Although these could not affect
forage yield, they still indicated potential for increased species diversity.
Treatment effect on occurrence of perennial grasses was also assessed in 2010 to
determine year effect on species composition in response to treatments. Frequencies of
occurrence of perennial grasses recorded in June 2010, after the May harvest (Table
4.10), were compared. As in 2009, occurrence of BB was not influenced by harvest
intervals, applied in the previous growing season. However, earlier differences in the
occurrence of IG and LB between the control and harvested plots, present in 2009, were
not observed in 2010. Occurrence of IG ranged from 43% for the 120-, to 50% for the
60-d treatment, which were not different from the control (62%). These minor year
differences in occurrence of IG could be a result of the greater rainfall received in the fall
of 2009, (Fig. 4.3) compared to the 2008 year. This probably favored initiation of more
tiller buds for the next year‟s growth, which reflected in the greater frequency of
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occurrence. Occurrence of LB was not affected by treatment. Values ranged from 12
(120-) to 16% (40-d treatment). This implied that survival of LB in the mixed stands was
still favored by defoliation of the dominant tall-grasses. Occurrence of BRS was also at
similar magnitudes in 2010 as in 2009 though values were greater for harvested (P <0.04)
than the control plots. Among harvested plots, occurrence of BRS showed no difference
attributable to harvest intervals except between the 30-, and 60-d treatments (Table 4.10).
Values ranged from 12% (least) for the 60- to 22% (greatest) for the 30-d interval.
Occurrence of BRS was also rare for the control (4%) than all harvested plots except for
the 60-d (12%) treatment. As mentioned above, these values call for management
concern on the trend in species composition because BRS is not desirable in pastures and
fertility management is advisable. Occurrence of OPG remained at very small
magnitudes though treatment differences were noted. The least value (1%) was observed
for the 60-d harvest interval, which was less than 6% (P <0.01) for the 120- and 6% for
the 90-d interval. However, the values for OPG for the 60-d harvest interval was not
different from the 40- (1%), 30-d (2%) or the control (2%). Management attention is
recommended to assess their continued establishment in response to management.
While mean comparison between treatments provide information on how species
composition may be influenced by harvest interval, it provides no information about
stand persistence. Information on effect of harvest duration under a harvest regime may
indicate possible trend in biomass yield based on survival of the major forage species. In
the current study, occurrence of perennial grass species, in June 2009 and 2010,
following the mid-May harvest were analyzed for effects of harvest duration. No year
effect was noted in frequency of occurrence of perennial grasses. Data was, therefore,
pooled across years for means comparison on effects of harvest duration (Table 4.11).
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This analysis was also intended to assess stand recovery in the Y307 plots, retired in May
2009 after two consecutive harvest years. Frequency of occurrence of the four dominant
perennial grasses (BB, IG, LB, and BRS) showed differences attributable to harvest
duration. Occurrence of BB in control (23%) plots was not different from the Y109
(19%) or the retired Y307 plots (16%). However, occurrence of BB was greater (29%)
for second year (Y208) plots (P <0.001) than the Y109 and Y307 plots. Occurrence of
BB seemed to be favored by harvest conditions. This was probably due to its spread
canopy which increased chances of being sampled in the regrowing stands than the thick
unharvested ones. In unharvested plots, BB was seen to have fewer tillers propping
through thatches of dead leaves which likely decreased chances of being sampled.
Occurrence of IG was also affected by harvest duration, decreasing as the
duration extended. In the harvested plots, frequency of occurrence of IG was greatest in
the first year plots (63%), and greater (P <0.001) than 38 and 36% in the Y208 and Y307
plots, respectively (Table 4.11). However, the frequency of IG in the Y109 plots was
same as in the control (62%). These results indicate that IG could be the most sensitive
perennial to defoliation and that after two consecutive harvest years, it needed longer than
a single growing season to recover. However, given its greater magnitude in the
occurrence values, its reduced occurrence favored survival of other desirable species.
This was noted on the increased occurrence of LB with harvest duration. Harvest
duration effects were observed for the occurrence of LB (P <0.001). This species
occurred at less frequencies in the control (8%) and Y109 plots (7%) than in Y208 (18%)
and the retired (Y307) plots (15%). This supported the assertion that LB, being short
growing, was favored by harvesting which improved its access to light before the tall-
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growing neighbors recovered from the defoliation. Managers may therefore improve
total biomass yield by boosting growth of LB in previously harvested fields.
Effect of harvest duration was also observed with the occurrence of BRS. It
appeared that harvesting favored the distribution of BRS in the stand (P <0.001).
Frequency of occurrence of BRS (Table 4.11) increased consistently with harvest
duration from 4% (least) in the control, to 8% (Y109), 10% (Y208) to 30% (greatest) for
the Y307 plots. Frequency of occurrence of BRS was greatest (30%) for the retired Y307
plots; greater than both Y109 (8%) and Y208 (10%). This may have hay quality
implications due to its poor nutritive value. Its greater frequency for retired plots Y307
called for attention on the trend of establishment beyond the first recovery year. Because
the current study did not discriminate between fully established plants and just emerging
seedlings, it was difficult to tell whether the noted increase in frequency of BRS could
end in full establishment or not. There was no difference due to harvest duration in the
occurrence of OPG, which ranged from 2 (control) to 3% in the Y109 plots.
Occurrence of dominant forbs
Defoliation in mixed stands often impacts forbs more heavily due to their growing
points being mostly above the cutting height. This often results in reduced proportion of
forbs in mixed stands, which may, or may not be desirable. In the present study, response
of most frequent forbs in 2009 to harvest interval and harvest duration were assessed
(Table 4.12) and 2010 (Table 4.13). These were Chamaechrista fasciculata (CHMA),
Ipomoea lacunosa (IPO), Rumex crispus (RUMX), Cassia obtusifolia (CAOB),
Helianthus maximiliani (HEMA), Solidago canadensis (SOCA) and other forbs (OFBS),
listed in Appendix Table B.1, but not in Table 4.12 and Table 4.13. Statistical analyses
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found year × treatment interaction for occurrence of the selected forbs, so results are
presented separately by year. Differences in frequency of occurrence due to harvest
interval were only noted for IPO, CAOB and SOCA (P <0.001). However, occurrence of
IPO did not differ among harvested plots. Values ranged from 0% for the 60- to 5% for
the 90-d interval; all being less than the control (12%).
The noted lack of treatment differences indicated that harvesting favored
establishment of most forbs equally. This implied that for dual purpose land use,
managers could choose harvest intervals that would improve forage yield and quality,
without compromising survival of forbs. Generally, CHMA, IPO and RUMX were the
least frequent forbs in the area. It would be of interest to determine how their frequency
of occurrence might change over time. Occurrence of CAOB was zero percent in the
control and greatest for the 90-d interval (24%). That of CAOB for this treatment was
greater than for the 60- (19%) and 120-d (10%) but not the 40- (16% or 30-d (5%)
treatments, which was same as the control. Because the observed occurrence of CAOB
did not follow a consistent treatment trend, it was assumed that its occurrence was mostly
influenced by local seed banks. However, with time it could spread to become a problem
with regards to forage quality. More data would be required to establish the trend of
occurrence of CAOB for the studied harvest regimes. Frequency of occurrence of SOCA
was greater (57%) for the control (P <0.001) than any harvested plot. However, as for
CAOB, no consistent treatment trend was noted. Differences in occurrence of SOCA
were only between the 30-d (30%) and both 60- (8%) and 90-d (14%) harvest intervals.
Occurrence of OFBS was not affected by harvest intervals. The noted difference
between the control and harvested plots agreed with earlier reports from defoliation
studies on SOCA (Meyer, 1998) and was a desirable forage quality improvement. The
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sustained large magnitude of occurrence of SOCA for the 30-d treatment (Tables 4.12
and 4.13) indicated that harvesting reduced its performance in the current year but could
not reduce its population in the next. This could be attributed to its great seed producing
ability and possetion of multiple compensatory growth mechanisms (Meyer, 1998).
Similar observations were made in Missouri (Towne et al., 2005) where SOCA was
responsible for increase in total cover of forbs in a grazing study involving bison and
cattle. This could be desirable from habitat quality standpoint, as it suggestes that SOCA
could recover in the deferred period to provide its habitat services including attracting
insects for birds.
To determine year effect on post-season occurrence of forbs, treatment
comparison was also conducted on June of 2010 records. Treatment differences for the
occurrence of forbs were only observed for CAOB and SOCA (P <0.01) (Table 4.13).
Occurrence of CAOB, zero percent in control plots, was greatest (16%) for the 90-d
harvest interval (Table 4.13). However, among harvested plots occurrence of CAOB for
the 90-d treatment was only greater than the 30-d (4%) but not the 40- (10.9%), 60(12.7%), or 120-d (6.2%) treatments. In June 2010, occurrence of HEMA was not
affected by harvest intervals. However, SOCA occurred most frequently (57%), same as
in 2009 (Table 3.12), which was more than for any harvested plot. As noted in the 2009
data, occurrence of CAOB still did not follow any treatment trend, suggesting that it was
more influenced by seed bank than the harvest intervals. Among harvested plots,
differences in occurrence of SOCA were only between the 30-d treatment (32%) and
120-d (17%) and both 60-, and 90-d (18%), but not the 40-d (19%) harvest interval. The
observed reduction in occurrence of SOCA due to defoliation further indicates that
frequent harvesting could reduce its influence on forage quality. Occurrence of OFBS,
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combined, was not influenced by harvest duration. Values ranged from 28% (control) to
42% (40-d) with no treatment difference. The noted increase in frequency of OFBS
agreed with earlier findings on response of native forbs to defoliation (Hayes and Holl,
2003; Slepetys, 2008). Increased infestation of forbs following defoliation was expected
in areas with large amount of seed reserves in the seed bank. Additionally, three of the
five replications were next to a farm road bordered by hedge rows with a diversity of
herbaceous species. These likely contributed to greater diversity of forbs on the road side
plot ends. Still, it was clear that harvesting allowed increased diversity of forbs in the
stand, which was desirable for habitat quality.
To assess effects of harvest duration on occurrence of dominant forbs in the
mixed stands, records in June 2009 and 2010, from first (Y109) and second (Y208)
harvest year plots were compared to the control and retired (Y307) plots. Statistical
analyses showed no year effect in trends of occurrence of forbs due to harvest duration.
This allowed for data to be pooled across years for mean comparison between harvest
durations. Frequency of occurrence of CHMA was least in control (1%), and less than
the 8% in Y208 and 6% in Y307 (P <0.001), but not the 2% in first year Y109 plots
(Table 4.14). However, the mean value for Y208 was greater than for the Y109 (2.0%)
but not the retired (Y307) plots (6%). The trend was reversed for IPO which occurred at
the leasst frequency (P <0.001) in the Y307 plots (2%). The mean frequency of IPO in
these plots was less than in the control (12%) and first year (Y109) plots (20%), but not
different from the second year (Y208) plots (3%).
In the Y109 plots, occurrence of RUMX was zero percent, but not different from
1% in the control (Table 4.14). However, values for RUMX in these plots differed from
the Y208 (7%) and the Y307 (13%) plots (P <0.001). Frequencies of occurrences of
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CAOB and HEMA were in the same pattern with least values for the control and Y109
plots, which differed from the Y208 and Y307. Values for CAOB were zero percent
(control), 0.5% (Y109), 13% (Y307) and 17% (Y208). For HEMA, values were zero
percent (control and Y109), 13% (Y307) and 15% (Y208). The least frequency of
occurrence for SOCA was observed in the second year (Y208) plots (11%) and the
greatest in the control (57%). However, there were no differences between Y109 (28%)
and Y307 (23%) plots. During the 2009 season, there were no differences attributable to
harvest duration in the occurrence of OFBS whose combined frequencies ranged from 29
(control) to 49% (Y109).
Based on the magnitude of the values, composition of forbs in harvested plots was
mostly influenced by CAOB, HEM and SOCA. Except for SOCA these major forbs
occurred at greater frequencies in the second year and the third indicating that harvesting
favored diversity of forbs. While occurrence of CAOB and HEMA increased with
harvest duration that of SOCA decreased to a minimum in the second year (P <0.001),
but returned in the retired plots. This indicates that that SOCA was controlled by
defoliation within season but its large seed bank enabled its population to increase rapidly
during the recovery year. Yet, occurrence of SOCA remained less in the harvested plots
compared to the control by about 50% indicating that harvesting reduced its influence on
forage quality substantially. It is also worth noting that observed occurrence of other
grasses and forbs could change under intensive fertility management conditions. Because
fertilizer application may be necessary to improve forage yield, its influence on species
diversity deserves attention.
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Summary and conclusions
In the mixed stands of BB, IG, and LB, harvest intervals during the JuneSeptember harvest season had no effect on post-season regrowth/cover (a measure of
prior season damage) by vegetation or plant litter. During the same year, percentage
ground cover by forbs and litter were greater for the unharvested control than treatment
plots. Percentage bare ground was >20 times greater in harvested plots than the
unharvested control, but not in any discernable pattern. Increased rainfall in September
led to more post-season (mid-May) total ground cover compared to unharvested control.
The post-season cover, primarily grass, tended to be greater for shorter harvest intervals.
Total post-season grass cover increased with harvest duration, but when preceded by
increased rainfall in September of 2009, difference between second years and retired
plots were not observed.
Post-season sward heights following a first and second harvest year were not
influenced by harvest duration or harvest intervals. However, swards were taller for the
unharvested control than all harvested plots. During June-September harvest season,
mean sward height was the shortest (28 cm) for the 30-d treatment and increased with
harvest interval. Harvest duration affected swards, being taller (35 cm) in retired plots
than the mean of 28 cm in first and second year plots, for the 30-d treatment. Data
indicated that harvesting could impact characteristics associated with wildlife habitat
such as sward height, bare ground and stand density in the harvest season, but differences
in the recovery spring-growth were not observed.
Harvest duration did not affect estimated post-season (mid-May) sward canopy
closure, based on light interception, in previously harvested plots. However, values were
greater for the unharvested control compared to any harvested plot. During the June222

September harvest season, mean canopy closure increased with lengthening of harvest
interval, but remained less than the control. At shorter harvest intervals, canopy closure
was greater for retired plots than harvested ones, but differences at 90- and 120-d
treatments were not detected. Data indicates that harvesting reduced stand density while
increasing open space in the mixed stands, but treatments did not cause differences in
mid-May habitat quality characteristics.
Harvest interval did not affect occurrence of plant types or plant litter, but an
increase in bare ground was observed with shortening of harvest interval within year.
Harvest duration affected occurrence of different plant types differently. As harvest
duration increased, Occurrence of HFRB and PGRS decreased while TFRB increased,
but trends were reversed in the following year. Harvest duration had no effect on the
occurrence of AGRS, GRSL or SRBL plants found in mid-May (the next year).
Occurrence of litter decreased to proportions found in the first and second harvest year,
but increased for the retired plots. Occurrence of BRG increased in first and second year
plots, but decreased greatly in retired plots.
Among harvested plots, treatment did not affect occurrence of BB, IG or LB
measured in mid-May of the following year. However, percentage of occurrence of IG
was reduced in harvested plots compared to the unharvested control, but LB increased.
Harvesting increased occurrence of BRS but only following increased September rainfall
in 2009. Harvest duration favored occurrence of BB, in the second year, but its
percentage decreased when plots were retired. Occurrence of IG decreased with harvest
duration, while that of LB and BRS increased.
Composition of forbs in harvested plots was mainly influenced by the occurrence
of three forbs: CAOB, HEMA and SOCA. Occurrence of CAOB and HEMA increased
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with harvest duration while that of SOCA decreased to a minimum after the second year,
but recovered in the retired plots. Still, SOCA remained less frequent in the harvested
than unharvested control plots by about 50%. Overall, harvesting increased diversity of
forbs, but controlled SOCA during the harvest season. Data suggests that species
diversity in mixed NWSG stands could be manipulated by harvest intervals.
Acknowledgements
I am grateful to the management of USDA NRCS Agriculture Wildlife
Conservation Center for funding the research, the management of B. Bryan Farms for
allowing the research on their property, the Department of Plant and Soil Sciences at
Mississippi State University for numerous logistic and technical support provided to the
research team, and Dr Victor Madox of PSS Dept for his help with botanical
identification.

224

Literature Cited
Alexander, K.I., and K. Thompson. 1982. The effect of clipping frequency on the
competitive interaction between two perennial grass species. Oecologia (Berlin)
53:251-254.
Anderson, V.J., and D.D. Briske. 1995. Herbivore-induced species replacement in
grasslands: Is it driven by herbivory tolerance or avoidance? Ecol. Appl. 5:10141024.
Atkinson, P.W., D. Buckingham, and A.J. Morris. 2004. What factors determine where
invertebrate-feeding birds forage in dry agricultural grasslands? Ibis 146:99-107.
Barnes, T.G., L.A. Madison, J.D. Sole, and M.J. Lacki. 1995. An assessment of habitat
quality for northern bobwhite in tall fescue-dominated fields. Wildlife Soc. Bull.
23:231-237.
Bonham, C.D., D.E. Mergen, and S. Montoya. 2004. Plant cover estimation: a contiguous
Daubenmire frame. Rangelands 26:17-22.
Brenna, L.A. 1991. How can we reverse the norther bobwhite population declines?.
Wildlife Soc. Bull. 19:(4) 544-555.
Bremer, D.J., and J.M. Ham. 1999. Effect of spring burning on the surface energy
balance in a tallgrass prairie. Agric. For. Meteorol. 97:43-54.
Briske, D.D. 1986. Plant response to defoliation: morphological considerations and
allocation priorities. p. 425-427. In P.J. Joss, P.W. Lynch, and O.B. Williams
(eds.) Rangelands: a resource under siege. Proc. second Int. Rangeland Cong.
Adelaide, Australia.
Briske, D.D. 1991. Developmental morphology and physiology of grasses. p. 85–108. In
R. K. Heitschmidt, and T. Sahlu, (eds.) Grazing management: an ecological
perspective. Timber Press, Portland, OR.
Briske, D.D., and J.H. Richards. 1995. Plant responses to defoliation: a physiological,
morphological and demographic evaluation. p. 635-710. In D.J. Bedunah, and
R.E. Sosebee (eds.) Wildland plants: physiological ecology and developmental
morphology. Soc. Range Manage. Denver, CO.
Burger Jr, L.W., E.W. Kurzejeski, T.V. Dailey, and M.R. Ryan. 1990. Structural
characteristics of vegetation in CRP fields in northern Missouri and their
suitability as bobwhite habitat. Trans. N. Am. Wildl. Nat. Res. Conf. 55:74-83.

225

Burger Jr, L.W., M.R. Ryan, E.W. Kurzejeski, and T.V. Dailey. 1994. Factors affecting
the habitat value of conservation reserve program lands for northern bobwhite in
northern Missouri, p. 142–156. In M. Dicks, and M. Monsoon, (eds.) Proceedings
of the NCT-163 Post Conservation Reserve Land Use Conference. Denver, CO.
Carver, A.V., L.W. Burger, Jr., W.P. Palmer, and L.A. Brennan. 2001. Vegetation
characteristics in seasonal-disked fields and at bobwhite brood locations. p 436444 in A.G. Eversole (ed). Proc. Annu. Conf. Southeast. Assoc. Fish and Wildl.
Agencies, Louisville, KY.
Cullen, B.R., D.F. Chapman, and P.E. Quigley. 2006. Comparative defoliation tolerance
of temperate perennial grasses. Grass Forage Sci. 61:405-412.
Damhoureyeh, S.A., and D.C. Hartnett. 1997. Effects of bison and cattle on growth,
reproduction, and abundances of five tallgrass prairie forbs. Am. J. Bot. 84:1719.
Ferraro, D.O., and M. Oesterheld. 2002. Effect of defoliation on grass growth. a
quantitative review. Oikos 98:125-133.
Greenfield, K.C., L.W. Burger Jr, M.J. Chamberlain, and E.W. Kurzejeski. 2002.
Vegetation management practices on conservation reserve program fields to
improve northern bobwhite habitat quality. Wildlife. Soc. Bull. 30:527-538.
Greenfield, K.C., M.J. Chamberlain, L.W. Burger Jr, and E.W. Kurzejeski. 2003. Effects
of burning and discing Conservation Reserve Program fields to improve habitat
quality for northern bobwhite (Colinus virginianus). Am. Midl. Nat. 149:344-353.
Hannaway, D.B., K.J. Hannaway, P. Sohn, S. Griffith, and H. Wycoff. 2000. Grass
Growth and Regrowth for Improved Management. Available at
http://www.fsl.orst.edu/forages/projects/regrowth/main.cfm?PageID=7.
Harmoney, K.R., K.J. Moore, J.R. George, E.C. Brummer, and J.R. Russell. 1997.
Determination of pasture biomass using four indirect methods. Agron. J. 89:665672.
Harper, C.A., and C.E. Moorman. 2006. Qualifying native warm-season grasses and early
succession habitat, p. 10. In. R.M. Timm, C.A. Harper, B.J. Higginbotham, and
J.A. Parkhurst (eds.) 11th Triennial National Wildlife and Fisheries Extension
Specialists Conf. Big Sky, MT.
Hathaway, R., and J. Oldfield. 2004. Minerals and vitamins: Important little things in life,
p. 33-39. In D. Bohnert, S. Filley, C. Parsons, and R. White (eds.) Beef cattle
nutrition workbook. Oregon State University. Corvallis, OR.
Hayes, G.F., and K.D. Holl. 2003. Site specific responses of native and exotic species to
disturbances in a mesic grassland community. Appl. Vege. Sci. 6:235-244.
226

Helzer, C. 2011. Using Defoliation of dominant grasses to increase prairie plant diversity.
Available at http://prairieecologist.com/2011/03/15/using-defoliation-ofdominant-grasses-to-increase-prairie-plant-diversity.
Henke, S.E., S. Demarais, and J.A. Pfister. 1988. Digestive capacity and diets of whitetailed deer and exotic ruminants. J. Wildlife Manage. 52:595-598.
Hubbard, J.A. 2003. Fire-grazing interactions in a mixed grass prairie. Ph.D Diss.,Texas
A&M University, College Station, TX.
Ive, J.R. 1974. Effect of mechanical defoliation on botanical composition and yield of a
Townsville stylo-sabi grass sward. Aust. J. Exp. Agric. Anim. Husb. 14:758-763.
Jatimliansky, J.R., D.O. Gimenez, and A. Bujan. 1997. Herbage yield, tiller number and
root system activity after defoliation of prairie grass (Bromus catharticus Vahl).
Grass Forage Sci. 52:52-62.
Jones, J., D.S. Coggin, J.L. Cummins, and J. Hill. 2007. Restoring and Managing Native
Prairies. A Handbook for Mississippi Landowners. Wildlife Mississippi.
Starkville, MS.
Knapp, A.K., and T.R. Seastedt. 1986. Detritus accumulation limits productivity of
tallgrass prairie. BioScience 36:662-668.
Lusk, J.J., S.G. Smith, S.D. Fuhlendorf, and F.S. Guthery. 2006. Factors influencing
northern bobwhite nest-site selection and fate. J. Wildlife. Manage. 70:564-571.
Manske, L.L. 2003. Biologically effective grazing management. Available at
http://www.ag.ndsu.nodak.edu/dickinso/research/2003/range03a.htm.
McCoy, T.D., E.W. Kurzejeski, L.W. Burger Jr, and M.R. Ryan. 2001. Effects of
conservation practice, mowing, and temporal changes on vegetation structure on
CRP fields in northern Missouri. Wildlife. Soc. Bull. 29:979-987.
McNaughton, S.J. 1992. Laboratory-Simulated Grazing: Interactive Effects of
Defoliation and Canopy Closure on Serengeti Grasses. Ecology 73:170-182.
Meyer, G.A. 1998. Mechanisms promoting recovery from defoliation in goldenrod
(Solidago altissima). Botany 76:450-459.
Michalk, D.L., and P.K. Herbert. 1977. Assessment of Four Techniques for Estimating
Yield on Dryland Pastures1. Agron. J. 69:864-868.
Naeth, M.A., A.W. Bailey, D.J. Pluth, D.S. Chanasyk, and R.T. Hardin. 1991. Grazing
impacts on litter and soil organic matter in mixed prairie and fescue grassland
ecosystems of Alberta. J. Range Manage.44:7-12.
227

Nellessen, J.E., and I.A. Ungar. 1993. Physiological comparisons of old-field and coalmine-spoil populations of Andropogon virginicus L.(Broomsedge). Am. Midl.
Nat. 130:90-105.
Palmer, W.E. 1995. Effects of modern pesticides and farming systems on northern
bobwhite quail brood ecology, Dissertation, North Carolina State University,
Releigh, NC.
Pedreira, C.G.S., L.E. Sollenberger, and P. Mislevy. 2000. Botanical composition, light
interception, and carbohydrate reserve status of grazed „Florakirk‟ Bermudagrass.
Agron. J. 92:194-199.
Reicosky, D.C., W.D. Kemper, G.W. Langdale, C.L. Douglas, and P.E. Rasmussen.
1995. Soil organic matter changes resulting from tillage and biomass production.
J. Soil Water Conserv. 50:253-261.
Richards, J.H. 1984. Root growth response to defoliation in two Agropyron
bunchgrasses: field observations with an improved root periscope. Oecologia
(Berlin) 64:21-25.
Riffell, S., D. Scognamillo, and L.W. Burger. 2008. Effects of the Conservation Reserve
Program on northern bobwhite and grassland birds. Environ. Monit. Assess.
146:309-323.
Roberts, M.R., and F.S. Gilliam. 1995. Disturbance effects on herbaceous layer
vegetation and soil nutrients in populus forests of northern lower Michigan. J.
Veget. Sci. 6:903-912.
SAS Institute. 2007. SAS version 9.2. SAS Institute. Cary, NC.
Shea, A.B. 1999. The return of native grasses to Tennessee. Available at
http://www.state.tn.us/environment/tn_consv/archive/grass.htm
Slepetys, J. 2008. The productivity and persistency of pure and mixed forage legume
swards. Agronomijas Vēstis 11:276-282.
Tothill, J.C. 1978. Measuring botanical composition of grasslands. In „Measurement of
grassland vegetation and animal production‟. Bull. # 52Commonwelth Bereau of
Pasture and Field Crops, England, UK.
Towne, E.G., D.C. Hartnett, and R.C. Cochran. 2005. Vegetation trends in tallgrass
prairie from bison and cattle grazing. Ecol. Appl. 15:1550-1559.
Voigt, J.W., and J.E. Weaver. 1951. Range condition classes of native midwestern
pasture: An ecological analysis. Ecol. Mono. 21:39-60.

228

White, B., P. Graham, and R.A. Pierce II. 2005. Missouri Bobwhite Quail. Habitat
Appraisal Guide: Assessing your farm's potential for bobwhites. Available at
http://extension.missouri.edu/explorepdf/miscpubs/mp0902.pdf.
Willms, W.D., and P.G. Jefferson. 1993. Production characteristics of the mixed prairie:
constraints and potential. Can. J. Anim. Sci. 73:765-778.
Willms, W.D., S.M. McGinn, and J.F. Dormaar. 1993. Influence of litter on herbage
production in the mixed prairie. J. Range Manage. 46:320-324.
Wilson, J.D., M.J. Whittingham, and R.B. Bradbury. 2005. The management of crop
structure: a general approach to reversing the impacts of agricultural
intensification on birds. Ibis 147:453-463.
Woodis, J.E., and R.D. Jackson. 2008. The effects of clipping height and frequency on
net primary production of Andropogon gerardii (C4 grass) and Bromus inermis
(C3 grass) in greenhouse experiments. Grass Forage Sci. 63148-251:458-466.

229

43.9
43.7
41.4

3 (60)

4 (40)

5 (30)

LTR

BRG

0.3319

19.4

17.4

19.1

21.1

20.8

25.8

0.0001

13.4b

13.9b

16.0b

17.0b

13.9b

35.7a¶

0.0001

25.9ab

25.0ab

21.0b

22.8ab

28.6a

0.9c

________________________________________________________

FRB

FRB

LTR

0.0001

77.8a

77.3a

74.5ab

75.8ab

71.3b

57.2c

0.0001

11.5b

11.6b

13.0b

14.5b

14.9b

25.3a

0.0001

3.4bc

3.8bc

4.1b

3.3bc

3.0c

7.3a

%________________________________________________________

GRS

Cover in May 2010

‡

BRG

0.0241

7.3b

7.3b

8.3ab

6.4b

10.7a

10.2ab

Estimates recorded in 2009 and 2010 from first and second year plots of 2008 and 2009, respectively.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
GRS, grasses; FRB, forbs; LTR, litter; BRG, bare ground.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

39.1

2 (90)

0.2913

36.7

2 (120)#

Pr>α††

37.6

Control

GRS§

Cover in May 2009

Effect of cutting frequency and year on post-season† ground cover by live vegetation and litter (visual estimates) in
mixed native grass stands‡ recorded before mid-May harvest in 2009 and 2010

Frequency

Table 4.1
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LTR

BRG

38b¶
36b
46a
0.0001

Control

Y109#

Y208

Y307

Pr>α††
0.1081

19

20

-

26

0.0001

13b

17b

-

36a

0.0001

22.1a

27.2a

-

0.9b

FRB

LTR

BRG

0.0001

75ab

79a

72b

57c

0.0001

12b

12b

15b

25a

0.0001

3.8b

3.0b

3.8b

7.3a

0.0683

9.1

6.3

8.6

10.2

%________________________________________________________

GRS

Cover in May 2010

‡

Estimates recorded in June 2009 and 2010 from first and second year plots of 2008 and 2009, respectively
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
GRS, grasses; FRB, forbs; LTR, litter; BRG, bare ground.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

FRB

________________________________________________________

GRS§

Cover in May 2009

Effect of Harvest duration and year on post-season† ground cover by live vegetation and litter (visual estimates) in
mixed native grass stands‡ recorded before mid-May harvest in 2009 and 2010

Frequency

Table 4.2
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Y307

Y109

58

56

53 A

52 A

54 A

56 A
0.9135

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.0214

32b B

35b B

39b AB

38b B

41b

58a¶

0.0016

32b B

32b B

34b B

35b B

41b

58a

0.0001

31d B

39cd AB

48bc

57b A

58b

74a

Y307

Y109

Y208

Y307

0.0001

25d B

34cd B

35c

45b B

49b

74a

0.0001

38b A

45b A

40b

42b B

47b

74a

0.0001

28b

27b

28b

28b

29b

45a

0.0001

25b

25b

28b

29b

28b

45a

0.0586

32

32

34

31

30

45

cm____________________________________________________________

Y208

May 2010

‡

Means of five sward height measurements at 1 m intervals along the plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
Y109, Y208 and Y307 are first, second, and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Means followed by different lower case letters, within a column, or upper case letters, within a row, differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

Y208

June-Sep. 2009

__________________________________________________________

Y109§

May 2009

Effect of cutting frequency and harvest duration on sward heights† of mixed native grass stands‡ harvested between
May 2007 and May 2010 measured before planned harvesting events in 2009 and 2010

Frequency

Table 4.3
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Y307

Y109

61

58 A

63 A

63 A

56 A

54 A
0.6364

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.0001

32b B

32b B

36b B

34b B

33b B

61a¶

0.0019

37b B

31b B

40b B

36b B

40b B

61a

0.0001

41e B

52d B

66b AB

56cd

62bc

81a

Y307

Y109

Y208

Y307

0.0001

41d B

54c B

63b B

58bc

58bc

81a

0.0001

65c A

73b A

71b A

60d

60d

81a

0.8970

53

56

53

55

46

62

0.5184

42

44

44

45

42

62

0.7175

44

42

45

45

48

62

%____________________________________________________________

Y208

May 2010

‡

Means of five readings of differences in light intensity above and below the canopy at 1 m intervals along the plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
Y109, Y208 and Y307 are first, second, and third harvest year plots established in 2009, 2008 and 2007, respectively.
¶
Means followed by different lower case letters, within a column, or upper case letters, within a row, differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

Y208

Jun-Sep. 2009

__________________________________________________________

Y109§

May 2009

Effect of cutting frequency and duration on canopy closure as indicated by light interception† of mixed native grass
stands‡ harvested between May 2007 and May 2010 recorded before planned harvesting events in 2009 and 2010

Frequency

Table 4.4
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AGRS

PGRS

12.4
15.6
17.0
15.2
14.8
9.0
0.1196

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.4927

12.4

12.2

14.2

12.6

11.8

17.2

0.0853

5.8

6.2

7.0

5.0

3.6

2.8

0.1295

45.4

43.0

38.6

43.0

41.2

52.0

SRBL

LTR

BRG

0.6356

4.0

3.4

2.0

1.6

2.0

0.0

0.3211

1.2

0.6

0.6

1.6

1.8

1.2

0.9190

14.8

10.2

13.8

12.6

13.4

14.4

0.0064

7.4a

9.6a

8.6a

6.6a

10.6a

0.0b¶

%_______________________________________________________

GRSL

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
HFRB, herbaceous forbs; TFRB, tall growing forbs; AGRS, annual grasses; PGRS, perennial grasses; GRSL, grass-like; SRBL,
shrub-like; LTR, litter; BRG, bare ground.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

TFRB

___________________________________________________

HFRB§

Occurrence of live vegetation, litter and bare ground

Effect of cutting frequency on botanical composition† and ground cover in mixed native grass stands‡, previously
harvested for one or two years by Oct. 2008, recorded after mid-May harvest in June 2009 (pooled means)

Frequency

Table 4.5
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AGRS

PGRS

12.4ab¶
17.4a
16.9a
11.8b
0.0036

Control

Y109#

Y208

Y307

Pr>α††
0.0001

15.0a

10.3b

8.8b

17.2a

0.1776

5.0

6.1

3.8

2.8

0.0026

41.3c

43.2bc

49.1ab

52.0a

SRBL

LTR

BRG

0.2828

3.2

2.0

3.4

0.0

0.9854

1.1

1.2

1.1

1.2

0.0001

19.8a

6.2b

4.2b

14.4a

0.0001

3.0b

14.2a

12.2a

0.0c

%_______________________________________________________

GRSL

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
HFRB, herbaceous forbs; TFRB, tall growing forbs; AGRS, annual grasses; PGRS, perennial grasses; GRSL, grass-like; SRBL,
shrub-like; LTR, litter; BRG, bare ground.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Y109, Y208 and Y307 are first, second, and third year plots, established in 2009, ‟08 and ‟07, respectively.
††
The probability of difference between means within a column, α=0.05.

†

TFRB

_______________________________________________________

HFRB§

Occurrence of live vegetation, litter and bare ground

Effects of harvest duration on botanical composition† and ground cover in mixed native grass stands‡ previously
harvested at different frequencies for one or two years by Oct. 2008, recorded after mid-May harvest in June 2009

Frequency

Table 4.6
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AGRS

PGRS

13
15
18
18
16
11
0.0598

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.2985

11

11

11

12

12

18

0.2212

5.5

5.5

5.7

4.5

3.3

2.8

0.3577

47

46

43

44

43

52

SRBL

LTR

BRG

0.4990

4.1

3.5

2.4

1.9

2.7

0.0

0.2623

1.2

0.4

0.5

1.2

1.2

0.8

0.5461

11.2

7.3

10.4

10.8

10.1

14.4

0.0004

8.8ab

10.0ab

9.3ab

7.5b

13.1a

0.0c§

%_______________________________________________________

GRSL

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
HFRB, herbaceous forbs; TFRB, tall growing forbs; AGRS, annual grasses; PGRS, perennial grasses; GRSL, grass-like; SRBL,
shrub-like; LTR, litter; BRG, bare ground.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

TFRB

___________________________________________________

HFRB§

Occurrence of live vegetation, litter and bare ground

Effect of cutting frequency on botanical composition† and ground cover in mixed native grass stands‡, previously
harvested for one or two years by Oct. 2009, recorded after mid-May harvest in June 2010 (pooled means)

Frequency

Table 4.7
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AGRS

PGRS

13ab¶
12b
17a
17a
0.0029

Control

Y109#

Y208

Y307

Pr>α††
0.0001

10b

9b

15a

18a

0.3149

5.9

3.8

5.0

2.8

0.0024

49ab

43bc

42c

52a

SRBL

LTR

BRG

0.2516

2.0

3.4

3.4

0.0

0.5017

1.0

0.6

1.0

0.8

0.0001

6.2b

4.3b

19.4a

14.4a

0.0001

14.2a

12.1a

3.0b

0.0c

%_______________________________________________________

GRSL

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
HFRB, herbaceous forbs; TFRB, tall growing forbs; AGRS, annual grasses; PGRS, perennial grasses; GRSL, grass-like; SRBL,
shrub-like; LTR, litter; BRG, bare ground.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Y109, Y208 and Y307 are first, second, and third year plots, established in 2009, ‟08 and ‟07, respectively.
††
The probability of difference between means within a column, α=0.05.

†

TFRB

_______________________________________________________

HFRB§

Occurrence of live vegetation, litter and bare ground

Effects of harvest duration on botanical composition† and ground cover in mixed native grass stands‡ previously
harvested at different frequencies for one or two years by Oct. 2009, recorded after mid-May harvest in June 2010

Frequency

Table 4.8
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24
28
21
27
22
15
0.3608

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.0268

36b

36b

41b

36b

35b

62a¶

BRS

OPG

0.0153

19a

20a

15a

14a

16a

8b

0.0621

27

21

16

22

18

4

0.2034

2.5

1.2

1.4

6.7

3.3

2.2

%__________________________________________________

LB

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
BB, big bluestem; IG, indiangrass; LB, little bluestem, BRS, broom sedge (Andropogon virginicus); OPG, other perennial
grasses.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

IG

__________________________________________________

BB§

Occurrence of perennial grasses

Effect of cutting frequency on species composition† of dominant perennial grasses in mixed native grass stands‡,
previously harvested for one or two years by Oct. 2008, recorded after mid-May harvest in June 2009 (pooled means)

Frequency

Table 4.9
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23
25
19
24
22
16
0.4719

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.3114

45

45

50

46

43

62

BRS

OPG

0.4478

14.4

15.6

12.8

12.0

12.1

7.7

0.0398

22a

16ab

12bc

17ab

14ab

4.4c¶

0.0063

2.4ab

1.3b

1.2b

5.9a

5.6a

2.2ab

%__________________________________________________

LB

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
BB, big bluestem; IG, indiangrass; LB, little bluestem, BRS, broom sedge (Andropogon virginicus); OPG, other perennial
grasses.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

IG

__________________________________________________

BB§

Occurrence of perennial grasses

Effect of cutting frequency on species composition† of dominant perennial grasses in mixed native grass stands‡,
previously harvested for one or two years by Oct. 2009, recorded after mid-May harvest in June 2010 (pooled means)

Frequency

Table 4.10
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LB

23b¶
19b
29a
16b
0.0001

Y109#

Y208

Y307

Pr>α††
0.0001

36b

38b

63a

62a

OPG

0.0001

15.0a

18.4a

6.8b

7.7b

0.0001

30.3a

10.3b

8.5b

4.4c

0.4650

2.5

4.0

2.9

2.2

%__________________________________________________

BRS

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
BB, big bluestem; IG, indiangrass; LB, little bluestem, BRS, broom sedge (Andropogon virginicus); OPG, other perennial
grasses.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Y109, Y208 and Y307 are first, second, and third year plots, established in 2009, ‟08 and ‟07, respectively.
††
The probability of difference between means within a column, α=0.05.

†

IG
__________________________________________________

Control

BB§

Occurrence of perennial grasses

Effects of harvest duration on occurrence† of dominant perennial grasses in mixed native grass stands‡ previously
harvested at different frequencies for one or two years by Oct. 2009, recorded after mid-May harvest in June 2010

Frequency

Table 4.11
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RUMX

1.2
5.7
3.6
10.4
7.5
9.3
0.0877

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.0006

1.3b

0.7b

0.0b

4.9b

3.1b

11.9a¶

0.6158

10.5

10.6

7.5

6.8

12.3

1.2

HEMA

SOCA

0.0001

5.4cd

16.4ab

18.7a

24.2a

9.6bc

0.0d

0.1585

9.5

14.4

12.7

13.0

18.2

0.0

0.0001

30.2b

16.1bc

7.9c

13.7c

19.0bc

56.8a

%_________________________________________________________

CAOB

0.4456

33

34

43

33

32

29

OFBS

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
CHMA, partridge pea (Chamaecrista fasciculata); IPO, white star (Ipomoea lacunosa); RUMX, Curly dock (Rumex crispus);
CAOB, sicklepod (Cassia obtusifolia); HEMA, Maximilian sunflower (Helianthus maximiliani); SOCA, goldenrod (Solidago
canadensis) OFBS, other forbs.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

IPO

________________________________________________________

CHMA§

Occurrence of forbs

Effect of cutting frequency on species composition† of the dominant forbs in mixed native grass stands‡, previously
harvested for one or two years by Oct. 2008, recorded after mid-May harvest in June 2009 (pooled means)

Frequency

Table 4.12
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RUMX

1.1
3.9
4.7
7.4
5.3
6.0
0.4437

Control

2 (120)#

2 (90)

3 (60)

4 (40)

5 (30)

Pr>α††
0.5863

7.2

6.6

7.8

11.1

11.8

11.6

0.9022

7.1

6.8

4.9

6.2

8.2

1.3

HEMA

SOCA

OFBS

0.0067

3.6bc

10.9ab

12.7a

16.4a

6.2abc

0.0c¶

0.5974

7.2

9.7

8.5

9.1

11.9

0.0

0.0006

32b

19bc

18c

18c

17c

57a

0.7779

37

42

40

34

41

28

%_________________________________________________________

CAOB

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
CHMA, partridge pea (Chamaecrista fasciculata); IPO, whitestar (Ipomoea lacunosa); RUMX, Curly dock (Rumes crispus);
CAOB, sicklepod (Cassia obtusifolia); HEMA, Maximilian sunflower (Helianthus maximiliani); OFBS, other forbs.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Number of cuts per season with days between successive cuts in brackets.
††
The probability of difference between means within a column, α=0.05.

†

IPO

________________________________________________________

CHMA§

Occurrence of forbs

Effect of cutting frequency on species composition† of dominant forbs in mixed native grass stands‡, previously
harvested for one or two years by Oct. 2009, recorded after mid-May harvest in June 2010 (pooled means)

Frequency

Table 4.13
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RUMX

1.1c¶
2.0bc
8.3a
6.2ab
0.0001

Control

Y109#

Y208

Y307

Pr>α††
0.0001

2.2b

3.3b

19.8a

11.8a

0.0001

12.7a

6.8b

0.0c

1.3bc

HEMA

SOCA

OFBS

0.0001

13.0a

16.6a

0.5b

0.0b

0.0001

12.6a

15.0a

0.0b

0.0b

0.0001

23b

11c

28b

57a

0.0016

30b

39ab

49a

29b

%_________________________________________________________

CAOB

‡

Based on frequency of occurrence of plant types at 15 cm intervals along a diagonal line transect across a plot.
Stands of indiangrass (Sorghastrum nutans) big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium
scoparium).
§
CHMA, partridge pea (Chamaecrista fasciculata); IPO, white star (Ipomoea lacunosa); RUMX, Curly dock (Rumex crispus);
CAOB, sicklepod (Cassia obtusifolia); HEMA, Maximilian sunflower (Helianthus maximiliani); SOCA, goldenrod (Solidago
canadensis) OFBS, other forbs.
¶
Means within a column followed by different letters differ significantly, α=0.05.
#
Y109, Y208 and Y307 are first, second, and third year plots, established in 2009, ‟08 and ‟07, respectively.
††
The probability of difference between means within a column, α=0.05.

†

IPO

________________________________________________________

CHMA§

Occurrence of Forbs

Effect of harvest duration on occurrence† of dominant forbs in mixed native grass stands‡ harvested at different
frequencies for one or two years by Oct. 2009 recorded after mid-May harvest in June, 2009 and 2010 (pooled means)

Frequency

Table 4.14
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Figure 4.1

Plot arrangement, in one replication, showing establishment sequence

Five first-year plots (Y1) established in mid-May from 2007 to 2009, each with marked
and monitored indiangrass and little bluestem plants assigned to 30-, 40-, 60-, 90-, and
120-d harvest intervals. In each year plots are labeled Y1, Y2 or Y3 indicating plots
beginning their first, second and third harvesting year. Plots are 7.5 m long and 1 m
wide.
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Year

TRT

May

2007

June
1

120 (2)‡

15§

90 (2)

15

60 (3)

15

40 (4)

15

30 (5)

15

120 (2)

13

90 (2)

13

60 (3)

13

40 (4)

13

30 (5)

13

120 (2)

21

90 (2)

21

60 (3)

21

40 (4)

21

30 (5)

21

†

2

3

August

July
4

1

2

3

Sep

Oct-Dec

4
15

15
15
25
14

15
5

15

15
15

15

2008
23
18
16
23
16

23
4

16

23
18

23

2009
30
24
21
30
22

30
10

21

30
24

30

2010
All

Figure 4.2

25

Plot harvest dates by treatment and year.

†

One of four weeks in the indicated month. ‡Days between successive harvest events
with total harvests per year in brackets. §Actual harvest date for the indicated treatment
(TRT) in the corresponding year.
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Figure 4.3

Temporal trends in monthly rainfall total (mm) during the study period,
2007 to 2009, Aberdeen, MS

Figure 4.4

Temporal trends in monthly mean temperature (ºC) during the study period,
2007 to 2009, Aberdeen, MS
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CHAPTER V
SUMMARY AND CONCLUSIONS
In the southeastern United States of America, there is a need to improve summer
forage production over that of most exotic forage grasses during extended hot summers.
There is also a growing interest in America to reverse the population declines of
grassland birds that followed agricultural intensification. A three year experiment was
conducted to assess effects of harvest intervals (30-, 40-, 60-, 90 or 120-d) and harvest
duration on forage yield and quality, plant growth, sward structure, and botanical
composition of their mixed stands at Bryan Farms, Clay County, MS. Data indicate that
effects of harvest interval and harvest duration on cumulative forage yield within a year
were influenced by climatic factors, mainly rainfall distribution and temperature. During
2008, with more uniform rainfall distribution, yield was greatest for the 30-d treatment
and decreased with lengthening of harvest interval for both first and second year plots.
During 2009, cumulative yield was not affected by harvest interval, but was greater for
most first year compared to second year plots following. Neither harvest interval nor
harvest duration affected recovery yield measured in mid-May of the following year.
However, yields for plots already harvested for one or two years were reduced compared
to newly established plots. Cumulative yields of individual IG and LB plants were not
affected by treatment or harvest duration. For both species, recovery yields measured in
May showed no effect of harvest interval, but were greater for plants in new (first year)
plots than those harvested for one or two years.
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Forage quality based on CP and fiber content in the DM and in vitro digestibility
of DM and NDF was not affected by harvest duration. However, concentration of CP in
the DM was greatest for the second harvest of the 30-d treatment and decreased with
lengthening of harvest interval and as the season advanced. In vitro digestibility of DM
and NDF was greatest for the second harvest of 30-d treatment and also decreased with
lengthening of harvest interval and as the season advanced. The second and third harvest
of 30-d and only the second of 40-d treatments had DM digestibility values above the
minimum of 55% for quality grass hay. Species nutritive value based on tiller leaf:stem
ratio and specific leaf area was greater at shorter harvest intervals and for early season
harvests. Overall, data showed that harvesting at 30- or 40-d intervals, ending by midJuly could increase yield of quality hay from mixed stands of IG, LB and BB. A rest year
after every two consecutive harvest years may sustain high yield from unfertilized mixed
native grasses without compromising stand persistence. Late season forage did not make
quality hay and resulted with reduced recovery plant growth rate in the next spring.
Strategic brief grazing in August may allow animals to selectively consume the most
nutritious material without compromising desirable regrowth vigor in the next season.
For IG, mean tiller weight (TW) recorded for each June-September regrowth was
least for the 30-d treatment and increased with lengthening of harvest interval in both first
and second year plots. Within a treatment, plants in first year plots had greater TW
values compared to their second year counterparts. In first year plots, specific leaf area
(SLA) for IG was greatest for the 30-d treatment and decreased to the least value for the
120-d treatment. In the second year plots, treatment effect on SLA for IG was not
observed. Generally, relative growth rate based on TW for IG was greatest for the 30-d
treatment and decreased to the least for the 120-d treatment. Similarly, TW for LB
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increased with lengthening of harvest interval, but only in the first year plots. While for
IG treatment effect on SLA was not observed in second year plots, they were for LB, but
not in first year plots. Still, relative growth rate based on TW for LB was also greatest
for the 30-d treatment and decreased to the least for the 120-d treatment. In plots retired
after two consecutive harvest years, June-September and mid-May records for all
measured growth components for IG and LB showed no treatment effect, although TW
was greater in the control than treatment plots. Mean leaf heights recorded at each
harvest from June to September were shorter for shorter harvest intervals, but relative
growth rate based on plant leaf heights was greatest for the 30-d treatment decreasing
with lengthening of harvest interval to the least for the 120-d. Post season recovery plant
heights and growth rate recorded in May showed no treatment effect, but values were
greater in the control than any harvested plot. Overall, harvesting reduced TW and plant
heights though plants re-grew faster when harvested more frequently and defoliation
intensity in one season did not affect-post season recovery growth.
Post-season ground cover by vegetation was greater following greater rainfall
amounts in September, but differences were mainly between harvested and control plots
only. Continuous harvesting for two years increased ground grass cover, but reduced
cover of forbs and plant litter with no difference due to harvest duration. Season (JuneSeptember) sward heights were shortest for the 30-d treatment and increased with
lengthening of harvest intervals. Sward heights in most retired plots were taller than their
first and second year counterparts for the 30- and 40-d treatments. Post-season sward
heights were shorter in harvested plots compared to control but showed neither treatment
nor harvest duration effect. Season (June-September) canopy closure (light interception)
increased with lengthening of harvest interval and was greater for retired plots than their
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first and second year counterparts for shorter harvest intervals. Post-season canopy
closure showed neither treatment nor harvest duration effect. Regrowth plant vigor of
native forage grasses in mixed stands may be less influenced by past intensity of
defoliation.
Between years, harvest duration affected frequency of occurrence of major plant
types, litter, and bare ground differently. During 2009, occurrence of herbaceous forbs
was greater in most harvested first and second year plots, but decreased in the retired
ones. The reverse was true for tall-growing forbs, perennial grasses, litter, and bare
ground. Occurrence of annual grasses, grass-like, and shrub-like plants showed no
harvest duration effect. During 2010, when accidental spring burning engulfed most
study plots, occurrence of herbaceous forbs, perennial grasses, and bare ground increased
with harvest duration while that of tall-forbs and plant litter decreased. As in 2009,
occurrence of annual grasses, grass-like, and shrub-like were not affected by harvest
duration. Harvest duration increased occurrence of BB in second year plots only. While
occurrence of IG decreased as that of LB and broomsedge (Andropogon virginicus)
increased with harvest duration, other perennial grasses combined were not affected. Of
the dominant forb species, occurrence of Chamaecrista fasciculata, Rumex crispus,
Cassia obtusifolia, and Helianthus maximiliani increased with harvest duration, but that
of Ipomoea lacunosa and Solidago canadensis decreased. However, occurrence of
Solidago canadensis increased in the retired plots, but not dramatically. Forage
harvesting in one season, may not compromise breeding habitat quality for groundnesting birds in the next season. Similarly, forage harvesting for two successive years
may not compromise habitat quality for the same grassland fauna. Managers will need to
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pay attention to the performance of identified undesirable species such as the
broomsedge, and intervene as necessary to prevent their establishment in the mixed stand.
Future studies on effect of other management practices, fertilizer application,
spring-burning, timing of harvest events, actual late season grazing, and cutting heights
are required, to provide best management options using native grasses for dual purpose
usage, forage quality and wildlife habitat, in the southeastern USA.
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APPENDIX A
MEAN TILLER WEIGHT, LEAF:STEM RATIO AND SPECIFIC LEAF AREA OF
INDIANGRASS AND LITTLE BLUESTEM IN STUDY PLOTS
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third

0.37b

0.36b

0.0009

0.77

0.72

0.62b

1.19

fifth

0.42

0.40b
0.44

g __________________

fourth

0.0838

0.0231

0.4368

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108 and Y207 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

0.72a

1.17a

1.03a

0.0534

30 (5)

0.66

1.31

40 (4)

0.71

1.50

2.34a#

60 (3)

0.0168

2.24

1.58

1.81

third

Harvest event

Y207 plots in 2008

____________________

second

90 (2)
0.84b

fifth

g __________________

fourth

Pr>Pα§

1.50

____________________

second

Harvest event

Y108‡ plots in 2008

Effect of harvesting frequency and year on mean weight of indiangrass (Sorghastrum nutans) tillers from mixed
native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2008

120 (2)¶

Frequency

Table A.1
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2.49

2.38

0.82

0.69

0.68

90 (2)

60 (3)

40 (4)

30 (5)

0.45

0.81

1.11

fifth

0.66

0.76
0.38

g __________________

fourth

0.0717

0.8434

0.1515

Pr>Pα§

0.37

0.63

0.76b

0.93

1.71

third

0.35

0.50

1.05a#

____________________

second

fourth

fifth

0.37

0.43
0.21

g __________________

Harvest event

Y208 plots in 2009

0.1414

0.3297

0.0377

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y109 and Y208 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05

†

third

____________________

second

Harvest event

Y109‡ plots in 2009

Effect of harvesting frequency and duration on mean weight of indiangrass (Sorghastrum nutans) tillers from mixed
native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2009

120 (2)¶

Frequency

Table A.2
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third

1.00 B

0.86a BC 0.59b BC 0.51b BC 0.37b C

40 (4)

30 (5)

43

49

63

Pr>Pα§
third

fifth

0.54 CD

0.39 D

52

54

0.90a# C 0.56b CD 0.41b D
0.57 CD

44

0.32 D

g __________________

fourth

Pr>Pα§

1.12 B

1.13 B

1.58 A

1.76 A

____________________

second

Harvest event

Second year plots

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Means of first (Y108 & Y109) and second (Y207 & Y208) harvest years pooled across years by harvest duration.
§
Days between successive harvests with number of harvests per season in brackets.
¶
Means followed by different upper case letters differ significantly at α=0.05
#
means within a row followed by the same letter are not significantly different at P=0.05.

†

0.71 BC

1.58 A

60 (3)
0.76 BC

1.98 A

90 (2)
0.97 B

fifth

g __________________

fourth

2.00 A¶

____________________

second

Harvest event

First year plots‡

Effect of harvesting frequency and duration on mean weight of indiangrass (Sorghastrum nutans) tillers from mixed
native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2008 and 2009

120 (2)§

Frequency

Table A.3
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1.59

1.82

1.52

1.98

1.67

90 (2)

60 (3)

40 (4)

30 (5)

second

2.05

2.52

fourth

1.99

fifth

0.3258

0.2385

0.1396

Pr>Pα§

1.80

2.02

1.80

1.33

1.89

second

1.93

1.92

1.66

third

2.25

2.45

fourth

Harvest event

1.97

fifth

Y207 plots in 2008

0.7329

0.0914

0.4610

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108 and Y207 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Means between successive harvests with number of harvests per season in brackets.

†

1.61

1.85

1.98

third

Harvest event

Y108‡ plots in 2008

Effect of harvesting frequency and year on mean leaf:stem ratio of indiangrass (Sorghastrum nutans) tillers from
mixed native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2008

120 (2)¶

Frequency

Table A.4
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0.67

0.78

1.74

1.67

1.52

90 (2)

60 (3)

40 (4)

30 (5)

second

1.36

1.26

fourth

0.97

fifth

31

56

35

CV

0.1403

0.6031

0.2915

Pr>Pα§

2.11a

1.73

1.82a#

2.06

0.79

second

1.97a

2.19

1.06b

third

2.21a

1.57

fourth

Harvest event

1.29b

fifth

22

28

31

Y208 plots in 2009
CV

0.0128

0.1908

0.0285

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y109 and Y208 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

1.57

1.21

1.35

third

Harvest event

Y109‡ plots in 2009

Effect of harvesting frequency and duration on mean leaf:stem ratio of indiangrass (Sorghastrum nutans) tillers from
mixed native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2009

120 (2)¶

Frequency

Table A.5
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1.13

1.30

1.63

1.82

1.59

90 (2)

60 (3)

40 (4)

30 (5)

second

1.70

1.89

fourth

1.48

fifth

0.8257

0.5730

0.8869

Pr>Pα§

1.95

1.87

1.81

1.70

1.34

second

1.95

2.06

1.36

third

2.23

2.01

fourth

Harvest event

Second year

1.63

fifth

0.1356

0.7145

0.1152

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Means of first (Y108 & Y109) and second (Y207 & Y208) harvest years pooled across years by harvest duration.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Means between successive harvests with number of harvests per season in brackets.

†

1.59

1.53

1.66

third

Harvest event

First year‡

Effect of harvesting frequency and duration on mean leaf:stem ratio of indiangrass (Sorghastrum nutans) tillers from
mixed native grass stands† in first and second harvest year at each harvest after the first (May) in 2008 and 2009

120 (2)¶

Frequency

Table A.6
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109

107

106

144

138

90 (2)

60 (3)

40 (4)

30 (5)

136

128

118

fifth

177

139
155

cm2 g-1 _______________

fourth

0.2272

0.6362

0.0666

Pr>Pα§

134

122b

151ab#
141

128

106

100

102

third

________________

second

fifth

163

177a
176

cm2 g-1 _______________

fourth

Harvest event

Y207 plots in 2008

0.0916

0.0174

0.0979

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108 and Y207 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at P=0.05

†

third

________________

second

Harvest event

Y108‡ plots in 2008

Effect of harvesting frequency and year on mean specific leaf area of indiangrass (Sorghastrum nutans) tillers from
mixed native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2008

120 (2)¶

Frequency

Table A.7
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101

108

110

133

148

90 (2)

60 (3)

40 (4)

30 (5)

120

137

117

fifth

207

133
159

cm2 g-1 _______________

fourth

3629

0.8855

0.5230

Pr>Pα§

114
113b

130b#

129

123

114

110

110

third

________________

second

fifth

125b

132
161a

cm2 g-1 _______________

fourth

Harvest event

Y208 plots in 2009

0.0101

0.7880

0.0596

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y109 and Y208 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at P=0.05.

†

third

________________

second

Harvest event

Y109‡ plots in 2009

Effect of harvesting frequency and duration on mean specific leaf area of indiangrass (Sorghastrum nutans) tillers
from mixed native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2009

120 (2)¶

Frequency

Table A.8
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fourth

fifth

192 A

157 B

36

136b CD

fifth

124b DEF

118 DEF

128a CDE

144b BC 169a A

154 AB

18

26

12

CV

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Means of first (Y108 & Y109) and second (Y207 & Y208) harvest years pooled across years by harvest duration.
§
Days between successive harvests with number of harvests per season in brackets.
¶
Means followed by different upper case letters differ significantly at α=0.05.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

128 CDE

137 BCD

143 BC

15

30 (5)

136 CDE

139 BCD

40 (4)

132 CDE

110b EF

108b# DE

60 (3)

11

105 F

107 DE

106 EF

fourth

Harvest event

Second year

cm2 g-1 _______________

third

________________

second

90 (2)
118a DE

CV

105 E¶

cm2 g-1 _______________

third

________________

second

Harvest event

First year‡

Effect of harvesting frequency and duration on mean specific leaf area of indiangrass (Sorghastrum nutans) tillers
from mixed native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2008
and 2009 (Pooled across years)

120 (2)§

Frequency

Table A.9
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third

0.06c

0.0004

0.45

0.17

0.09b

0.15

0.08

0.07b
0.09

g __________________

0.1327

0.0109

0.0887

Pr>Pα

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108 and Y207 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

0.12b

0.07bc

0.21a

0.18a

30 (5)

0.0124

0.18a

40 (4)

0.08b

0.28

0.34a#

60 (3)
0.13ab

0.27

0.35

0.36

____________________

fifth

Y207 plots in 2008
Harvest event
second third fourth

90 (2)
0.0151

Pr>Pα§

0.41

0.11b

fifth

g __________________

fourth

____________________

second

Harvest event

Y108‡ plots in 2008

120 (2)¶

Frequency

Table A.10 Effect of harvesting frequency and duration on mean weight of little bluestem (Schizachyrium scoparium) tillers from
mixed native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2008
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0.52

0.38

0.19

0.20

0.09

90 (2)

60 (3)

40 (4)

30 (5)

0.09

0.13

0.24

fifth

0.15

0.24
0.09

g __________________

fourth

0.1069

0.4806

0.4422

Pr>Pα§

0.09

0.16

0.08

0.26

0.45

0.09

0.11

0.24

fifth

0.08

0.69
0.09

g __________________

fourth

____________________

second third

Harvest event

0.8822

0.4033

0.0620

Pr>Pα

Y208 plots in 2009

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y109 and Y208 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.

†

third

Harvest event

Y109‡ plots in 2009

____________________

second

120 (2)¶

Frequency

Table A.11 Effect of harvesting frequency and duration on mean weight of little bluestem (Schizachyrium scoparium) tillers from
mixed native grass stands† in first and second harvest year recorded at each harvest after the first (May) in 2009
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0.47 A¶

0.36 B

0.26 BC

0.19 CD

0.15 DE

90 (2)

60 (3)

40 (4)

30 (5)

0.11 DE

0.13 DE

0.17 CDE

fifth

0.11 DE 0.07 E

0.16 DE

g ________________________

fourth

53

70

59

CV

0.12 C

0.17 ABC

0.18 ABC

0.26 ABC

0.41 A

0.19 ABC

0.13 BC

0.10 C

fourth

fifth

0.08 C

0.38 AB
0.09 C

g __________________________

third

_________________________

second

Harvest event

Second year plots

51

239

71

CV

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Means of first (Y108 & Y109) and second (Y207 & Y208) harvest years pooled across years by harvest duration.
§
Days between successive harvests with number of harvests per season in brackets.
¶
. Means followed by different upper case letter differ significantly different at α=0.05

†

third

Harvest event

First year plots‡

_________________________

second

120 (2)§

Frequency

Table A.12 Effect of harvesting frequency and duration on mean weight of little bluestem (Schizachyrium scoparium) tillers from
mixed native grass stands† in first and second year recorded at each harvest after the first (May) in 2008 and 2009
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1.90

2.11

0.1352

1.39

2.01ab

1.24

1.45b

1.89

third

1.76

2.31a

fourth

4.65

fifth

Pr>Pα

Y207 plots in 2008

0.1964

0.0233

0.1565

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108 and Y207 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

1.17

0.5100

2.41

1.72

30 (5)

1.49

1.88

40 (4)

0.0141

1.30

1.99a

1.13b#

60 (3)

1.03

second

2.13

fifth

1.13

fourth

Harvest event

90 (2)

third

Pr>Pα§

1.25

second

Harvest event

Y108‡ plots in 2008

120 (2)¶

Frequency

Table A.13 Effect of harvesting frequency and duration on mean leaf:stem ratio of little bluestem (Schizachyrium scoparium)
tillers from mixed native grass stands† in first and second harvest year recorded at each harvest after May in 2008
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0.62

0.76

1.39

1.32

1.66

90 (2)

60 (3)

40 (4)

30 (5)

second

120 (2)¶

Frequency

1.39

1.13

fourth

1.48

fifth

0.3109

0.4311

0.1287

Pr>Pα§

1.27
1.31bc

2.06a#

1.37

third

1.37

1.61

1.18

0.73

second

1.62ab

1.02

fourth

Harvest event

1.10c

fifth

Y208 plots in 2009

0.0035

0.5898

0.3520

Pr>Pα§

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y109 and Y208 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

1.13

1.45

0.93

third

Harvest event

Y109‡ plots in 2009

Table A.14 Effect of harvesting frequency and duration on mean leaf:stem ratio of little bluestem (schizachyrium scoparium)
tillers from mixed native grass stands† in first and second year recorded at each harvest after the first (may) in 2009
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1.47 BCD
1.15b BCD

1.26 CD

1.60 ABC

2.03a# A

60 (3)

40 (4)

30 (5)

1.80a AB

fifth

41

33

42

CV

1.73

1.71

1.46

1.65

0.88

second

1.27

1.36

1.63

third

1.69

1.66

fourth

Harvest event
fifth

2.87

Second year plots

19

41

31

CV

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Means of first (Y108 & Y109) and second (Y207 & Y208) harvest years pooled across years by harvest duration.
§
Days between successive harvests with number of harvests per season in brackets.
¶
Means followed by different upper case letters differ significantly at α=0.05
#
Means within a row followed by the same letter are not significantly different at α=0.05

†

1.46B CD

0.95 D

90 (2)

third

0.93 D¶

second

Harvest event

First year plots‡

120 (2)§

Frequency

Table A.15 Effect of harvesting frequency and duration on mean leaf:stem ratio of little bluestem (schizachyrium scoparium)
tillers from mixed native grass stands† in first and second harvest year recorded at each harvest after may in 2008 and
2009
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fifth

207a

0.0046

252

149

146b

170a

181

198a
195

0.5957

0.0022

0.0429

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108 and Y207 are first and second harvest year plots established in the year indicated by the last two digits.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

169a

171a

102b

155b

30 (5)

0.0094

151b

40 (4)

202a

141b

147b#

60 (3)
150b

136

133

134

fifth

Pr>Pα§

Y207 plots in 2008

cm2 g-1 _______________

fourth

________________

second third

Harvest event

90 (2)
0.0232

Pr>Pα§

132

177a

fourth

cm2 g-1 _______________

third

________________

second

Harvest event

Y108‡ plots in 2008

120 (2)¶

Frequency

Table A.16 Effect of harvesting frequency and duration on mean specific leaf area of little bluestem (schizachyrium scoparium)
tillers from mixed native grass stands† in first and second year recorded at each harvest after the first (may) in 2008
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151
162b

131

138

160

203a#

90 (2)

60 (3)

40 (4)

30 (5)

fifth

184ab

163
184ab

0.0365

0.6983

0.6456

Pr>Pα§

162

160

154

156

128

third

154

169

152

________________

second

fifth

176

140
181

cm2 g-1 _______________

fourth

Harvest event

0.2533

0.1093

0.9112

Pr>Pα

Y208 plots in 2009

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Means of first (Y108 & Y109) and second (Y207 & Y208) harvest years pooled across years by harvest duration.
§
Probability that, means in the respective row differ significantly at α=0.05.
¶
Days between successive harvests with number of harvests per season in brackets.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

†

145

119

fourth

cm2 g-1 _______________

third

________________

second

Y109‡ plots in 2009
Harvest event

120 (2)¶

Frequency

Table A.17 Effect of harvesting frequency and duration on mean specific leaf area of little bluestem (schizachyrium scoparium)
tillers from mixed native grass stands† in first and second year recorded at each harvest after the first (may) in 2009
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151b CDEF

132 EF

143 DEF

156b# CDE

153 DCE

90 (2)

60 (3)

40 (4)

30 (5)

177 ABC

183a AB
196 A

fifth

23

16

14

CV

207

157

148

146

131

third

151

158

161

________________

second

fifth

178

169
188

cm2 g-1 _______________

fourth

Harvest event

Second year plots

47

16

17

CV

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Means of first (Y108 & Y109) and second (Y207 & Y208) harvest years pooled across years by harvest duration.
§
Days between successive harvests with number of harvests per season in brackets.
¶
Means followed by different upper case letters differ significantly at α=0.05.
#
Means within a row followed by the same letter are not significantly different at α=0.05.

165 BCD

161 BCD

125 F¶

†

fourth

cm2 g-1 _______________

third

________________

second

Harvest event

First year plots‡

120 (2)§

Frequency

Table A.18 Effect of harvesting frequency and duration on specific leaf area of little bluestem (schizachyrium scoparium) tillers
from mixed native grass stands† in first and second harvest year recorded at each harvest after may, in 2008 and 2009
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1.6 A¶

1.8 A

90 (2)

Y108‡

120 (2)§

Frequency

2.1 A

1.8 A

0.5684

40 (4)

30 (5)

P>Fα#
0.0001

1.3a B

1.4a B

1.54a

0.1289

2.0

2.1

1.7

1.3

1.9 A

Y207

0.0001

1.9a

1.8a

1.4a

1.4a

0.8b B

Y208

Second year
Y109

0.0001

567a A

403b A

227c A

108d

101d

____________________

0.0001

152a B

137b B

112c B

107c

109c

Y108

First year

Y208

Second year

0.0001

154a B

150a B

117b B

100b

102b

0.0001

529a A

368b A

243c A

110d

110d

cm-2 g-1 __________________

Y207

SLA

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
§
Days between successive harvests with number of harvests per season in brackets.
¶
Means followed by different letters, uppercase within rows or lowercase within column differ significantly, α=0.05.
#
Probability that, means in the respective column differ significantly at α=0.05.

†

1.7

60 (3)

0.8b B

0.7b B

Y109

First year

LSR

Table A.19 Effect of harvest frequency and year on leaf:stem ratio and specific leaf area of indiangrass (sorghastrum nutans)
tillers from mixed native grass stands† in first and second harvest year at each harvest after the first (may) in 2008 and
2009
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1.2

1.3

90 (2)

1.7 A

1.9 A

0.1395

40 (4)

30 (5)

P>Fα#
0.0001

1.4a B

1.3a B

1.2a B

0.2111

2.3

1.9 A

1.6

2.1

0.0001

1.5a

1.2ab B

1.5a

1.2ab

0.7c

Y208

Second year
Y207

1.0

LSR

0.0001

162a B

168a B

162a B

133b

132b

Y109

0.0001

732a A

475ab A

284c A

131d

119d

______________________

Y108

First year
Y207

Y208

Second year

0.0003

194a B

166ab B

156bc B

136c

134c

0.0001

674a A

470b A

306c A

156d

128d

cm-2 g-1 ____________________

SLA

‡

Stands of indiangrass (Sorghastrum nutans), big bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium).
Y108, Y109, Y207 and Y208 are plots in their first and second harvesting year, established in 2008, 2009 and 2007, respectively
§
Days between successive harvests with number of harvests per season in brackets.
¶
Means followed by different letters, uppercase within rows or lowercase within column differ significantly, α=0.05.
#
Probability that, means in the respective column differ significantly at α=0.05.

†

1.5 A

60 (3)

0.8b

0.6b¶

Y109

First year

Y108‡

120 (2)§

Frequency

Table A.20 Effect of harvesting frequency and year on leaf:stem ratio and specific leaf area little bluestem (schizachyrium
scoparium) tillers from mixed native grass stands† in first and second harvest year at each harvest afterthe first (may)
in 2008 and 2009
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APPENDIX B
PLANT SPECIES IDENTIFIED IN THE EXPERIMENTAL PLOTS BY PLANT TYPE
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Table B.1

Plant species identified in the experimental plots of mixed native grass
stands in June 2008 and 2009 grouped by plant type

Scientific name

Common name

Family name

HERBACEOUS FORBS (HFRB)
Agalinis fasciculata

foxglove

Scrophulariaceae

Allium vineale

wild garlic

Liliaceae

Aster dumosus

rice button aster

Asteraceae

Chaerophyllum tainturieri

hairyfruit chervil

Apiaceae

Chamaecrista fasciculata

partridge pea

Fabaceae

Conyza canadensis

Canada horseweed

Asteraceae

Diodia virginiana

Virginia buttonweed

Rubiaceae

Dracopis amplexicaulis

clasping coneflower

Asteraceae

Eupatorium serotinum

thoroughwort

Asteraceae

Euphorbia hirta

asthmaweed

Euphorbiaceae

Geranium carolinianum

Carolina geranium

Geraniaceae

Geum canadense

white avens

Rosaceae

Ipomoea lacunosa

whitestar

Convolvulaceae

Lepidium virginicum

Virginia pepperweed

Brassicaceae

Oenothera speciosa

pinkladies

Onagraceae

Oxalis stricta

common yellow oxalis

Oxalidaceae

Pyrrhopappus carolinianus Carolina desert-chicory

Asteraceae

Ranunculus sardous

Ranunculaceae

hairy buttercup
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Table B.1 continued
Rumex crispus

curly dock

Polygonaceae

Trifolium dubium

suckling clover

Fabaceae

Triodanis biflora

small venus‟ looking glass

Campanulaceae

Vicia spp

vetch

Fabaceae

TALL-GROWING FORBS (TFRB)
Ambrosia trifida

great ragweed

Asteraceae

Cassia obtusifolia

sicklepod

Fabaceae

Helianthus maximiliani

Maximilian sunflower

Asteraceae

Iva annua

annual mash elder

Asteraceae

Solanum spp

nightshade

Solanaceae

Solidago canadensis

goldenrod

Asteraceae

SHRUB-LIKE PLANTS (SRBL)
Lespedeza bicolor

shrub lespedeza

Fabaceae

Rubus spp

blackberry

Rosaceae

ANNUAL GRASSES (AGRS)
Agrostis hyemalis

winter bentgrass

Poaceae

Brachiaria platyphylla

broadleaf signalgrass

Family

Bromus tectorum

cheatgrass

Poaceae

Dichanthelium spp

gould rosettegrass

Poaceae

Digitaria sanguinalis

hairy crabgrass

Poaceae

Phalaris caroliniana

Carolina canarygrass

Poaceae
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Table B.1 continued
Sorghum halepense

Johnsongrass

Poaceae

Sphenopholis obtusata

prairie wedgescale

Poaceae

Carex vulpinoidea

fox sedge

Cyperaceae

Cyperus spp

sedge

Cyperaceae

PERENNIAL GRASSES (PGRS)
Andropogon gerardii

big bluestem

Poaceae

Andropogon virginicus

broomsedge

Poaceae

Elymus virginicus

Virginia wildrye

Poaceae

Panicum virgatum

Switchgrass

Poaceae

Schizachyrium scoparium

little bluestem

Poaceae

Sorghastrum nutans

Indiangrass

Poaceae
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